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DESCRIPTION 

The present invention relates to a DNA vaccine for 
inducing an immune response to Piscirickettsia salmonis in 
vertebrates, especially in aquaculture species, such as the 
Coho salmon, the Atlantic salmon, the Chinook salmon or the 
trout, based on a DNA fragment that codes for the heat stress 
protein 60 (HSP60) , and the method of preparation thereof. 
The invention also describes a DMA segment for use in the 
production of a vaccine against Piscirickettsia salmonis in 
vertebrates and a vaccine based on a recombinant protein 
prepared from this oligonucleotide. 

BACKGROUND 

SALMON RICKETTSIAL SYNDROME (SRS) 

The intracellular bacterium Piscirickettsia 
salmonis, the causative agent of the disease called Salmon 
Rickettsial Syndrome (SRS) , has been, since just before its 
identification (Fryer et al . , 1990), an increasing problem 
for the salmon industry in Chile. Initially described as a 
pathology that only affected the Coho salmon, it then spread 
to the trout and to the Atlantic salmon. However , the 
situation was made worse not only by the spread of the 
disease to other salmonid species cultivated in this country, 
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but also because during the past decade this disease has 
become more virulent, and year after year the associated 
mortality, the costs of treatment and the effects on 
productivity and on the quality of the final product have 
increased . 

Measures for mitigating the disease that are 
currently employed at cultivation centers are mainly based on 
treatments with antibiotics and other management measures 
such as the application of rest periods between productive 
cycles, in order to avoid horizontal transmission, the use of 
some commercially available immunostimulants , and limitation 
of vertical transmission, by means of expensive methods of 
reproductive selection* In the absence of effective vaccines, 
the steps enumerated above are the only weapons that the fish 
farmer has used for limiting the effects of the disease. 

Not all of these methods are fully developed, nor 
fully incorporated in the production methodologies, and in 
some cases they are not applied completely or correctly. The 
end result is the appearance of strains of Piscirickettsia of 
greater virulence, and interaction with other bacterial, 
viral and parasitic diseases that have been added year by 
year to the list of diseases that the fish farmer has to 
contend with. This explains why the situation has worsened 
over the years. 

There is still no real solution to Salmon 
Rickettsial Syndrome. Treatments with antibiotics are 
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becoming less and less effective. Their successful 
application is uncertain and there is only a response when 
they are applied very early, and in many cases the 
administration of the antibiotic by injection is the only 
feasible solution. In the medium term, the only viable 
solution will be to use vaccines for immunizing the fish, 
before they are exposed to the conditions of marine 
cultivation, where horizontal propagation of the disease is 
very efficient, since the survival of the bacterium in fresh 
water is very low. 

The vaccines currently being marketed consist of 
bacterins with restricted use and with scant documentation 
regarding their efficacy. Furthermore, the production of 
bacterins for SRS is very expensive, owing to the complexity 
of the system for cultivation of the pathogen. The in-vitro 
production of Piscirickettsia, an obligate intracellular 
bacterium, requires the inoculation of the bacterium on a 
culture of the appropriate cell line. The fact that these 
bacterins are produced in the complex systems just described 
has effects on the level of control of the antigens produced; 
thus, it is possible that the bacteria grown do not contain 
the antigens or do not contain them at the level required for 
inducing the desired protection. An alternative to bacterins 
is the directed production of antigens, by cloning the genes 
that encode the desired antigens of the pathogen in a 
bacterium that is easier to cultivate, for producing the 
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antigens. The production of vaccines by this technique gives 
rise to what are known as recombinant DNA vaccines. There are 
two possible presentations for this type of vaccine: 
suspension of attenuated cells in a suitable type of 
coadjuvant (generally of the oily type) , or suspension of the 
fractionated antigens from the cultivated bacterium in a 
suitable coadjuvant. In both cases some postvaccination side 
effects are to be expected, manifested as a decrease in 
growth for some weeks following vaccination, and some 
peritoneal adhesions, that might affect the quality and/or 
growth of the fish. The latest generation of vaccines are the 
DNA vaccines, consisting of injection of minimal amounts of 
genetic material that encodes specific antigens of the 
pathogen. In this way, the host begins to produce the encoded 
antigens in situ. The genetic material introduced will have 
an average life of a few days, after which it disappears, 
after fulfilling its function. 

ANALYSIS OF THE PRIOR ART 

Vaccines in aquaculture, vaccines for SRS 

General background 

The national salmon industry has now developed into 
an important source of foreign currency for this country, 
generating employment and permitting the development of other 
companies associated with the sector. In 1998, the net 
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national production of salmon and trout reached a volume of 
181 600 tons, generating foreign currency to a total of US$ 
713.5 million (see Salmonoticias No. 72; p. 4-6; 1999). 
However, this activity has not been without problems, and to 
the accusation of dumping and the sharp decline of the 
Japanese market, the main destination of Chilean salmon, must 
be added the economic losses arising because the salmon are 
dying. The mortality of salmon in captivity is due to various 
factors, among which we may mention the activity of 
predators, poor sanitary procedures, and the high density of 
fish per cage. Nevertheless, it is diseases, and principally 
those caused by infectious agents, that are characterized by 
causing massive losses (see Salmonoticias No. 71; p. 12-13 
and No. 72; p. 18-19; 1999). At present the specimens 
produced in Chile are mainly attacked by microorganisms such 
as Renibacterium salmoninarum, the causative agent of BKD 
(Bacterial Kidney Disease) and another of a rickettsial 
nature such as Piscirickettsia salmonis that is the causative 
agent of rickettsial syndrome of salmonids, a pathology that 
has undoubtedly caused the greatest losses for the salmon 
industry in Chile. The amount of money that is lost due to 
this disease has been evaluated at more than US$ 100 million 
annually, if we include both the direct costs in terms of 
mortality, treatment, feeding, as well as the loss of 
potential profits (Obach A., et al . , 1998). Another 
infectious agent that is causing problems in this sector is a 
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virus belonging to the genus Bimaviridae known as Infectious 
Pancreatic Necrosis Virus (IPNV) (Bruno D., and Poppe T. , 
1996) . This virus possesses a double -stranded RNA that causes 
a serious clinical picture in the fish infected, resulting in 
substantial mortality {Bustos P., et al 1999). More 
recently, there are fears concerning the appearance of 
another virus that causes infectious anemia in salmon or ISAV 

(see Salmonoticias No- 71; p. 11; 1999 and Cassigoli J. , 
1999) . Finally, the mycotic agents , such as those belonging 
to the genus Saprolegnia, are also a constant threat to all 
the species of salmonids bred in Chile (Enriquez R., 1999). 

Salmon Rickettsial Syndrome appeared for the first 
time in 1989 in the south of Chile and was reported in Coho 
salmon (Oncorhynchus kisutch) , but it was then found that it 
also affected the Atlantic salmon {Salmo salar) t Chinook 
salmon (0. tshawytscha). , rainbow trout {O. mykiss) F among 
other species of salmonids (Bravo and Campos, 198 9) . The 
clinical signs that characterize a fish affected with 
rickettsial syndrome are swimming on the surface of the 
water, lethargy, anorexia, approaching the shore, impact 
against the walls of the cages and darkening of the skin. The 
most important macroscopic external lesions include 
desquamation, paleness of the gills, ecchymotic hemorrhages 
and petechiae at the base of the fins, skin nodules and 
ulcers, and the hematocrit levels reflect severe anemia 

(Elizalde J., 1993). Autopsy of the abdominal cavity often 
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reveals the presence of ascitic liquid, nephromegaly and 
splenomegaly, whitish nodules in the liver, presence of a 
pseudomembrane in the heart and petechial hemorrhages in the 
stomach, intestine, swim bladder, muscular and visceral fat. 
In the majority of cases, the intestine is filled with 
yellowish mucous contents and the stomach with a clear, 
seromucous liquid. From the histopathological standpoint the 
main lesions correspond to necrosis in various organs and 
tissues, with the kidney, liver, intestine and brain being 
the most affected. In addition, macrophages containing 
microorganisms within the cytoplasm may be found {Larenas et 
al . , 19 98) . 

The etiological agent of this syndrome was 
identified for the first time in 1990 by Fryer (Fryer et al , 
1990) ; however, it was not until 1992 that the relation of 
this bacterium with other species of rickettsias could be 
established more specifically, determining, from the sequence 
of the 16S RNA gene, the origin of a new genus and a new 
species that, was named Piscirickettsia salmonis (ATGC UR 
1361) (Fryer et al . , 1992). The bacterium is characterized by 
being Gram- negative, pleomorphic, immobile, nonencapsula.ted, 
coccoid, varying in size between 0.5 and 1.5 fim. In culture, 
this pathogen only grows in salmon cell lines, such as CHSE- 
214 cells, within cytoplasmic vacuoles associated with others 
forming clusters of bacteria, although it has also been 
observed as isolated rings. It stains with Giemsa's reagent, 
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hematoxylin-eosin, methylene blue, among others. Using 
electron microscopy, it was observed that this bacterium has 
two membranes, one external undulating and one internal 
cytoplasmic, a,s has been observed in other rickettsial 
agents. Using the same technique, it was possible to 
demonstrate the presence of structures similar to ribosomes 
near the plasma membrane, a fibrillar DNA in the central 
region and electron-dense spherical structures (Larenas et 
al . , 1998) . 

Preventive measures 

SRS has now been controlled partially by the use of 
antibiotics, which have not proved completely effective in 
combating the disease. Antibiotics with better prospects for 
the treatment of SRS include the quinolones, on account of 
their broad spectrum, low CMI and intensively bactericidal 
action. However, these drugs have side effects, such as the 
development of resistance in the pathogens , toxicity, 
hypersensitivity and immunosuppression (Arriagada R. , 1996) * 
The use of antibiotics has problems connected with 
regulations approved in 1997 by the FDA of the United States 
of America and by the European Economic Community that will 
require that all products from aqua culture will have to reach 
their respective markets without residues of antibiotics. 
This will undoubtedly be a problem for Chilean producers, 
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bearing in mind that in Chile, 80% of the antibiotics 
available on the national market are intended for combating 
P. salmonis (see Aquanoticias No. 37; p. 20; 1997) . 

Bacterins and vaccines based on recombinant proteins 

Recently, Smith et al . (1995) described the results 
of partial protection obtained on immunizing Coho salmon with 
a conventional bacterin for P. salmonis, prepared with the 
ATCC strain of the pathogen grown in CHSE-214 cells and then 
fixed with paraformaldehyde. The fish were challenged 
naturally, that is by transferring them after smelting to a 
site with endemic piscirickettsiosis . 

Gaggero submitted in 1995 a Chilean patent 
application (Gaggero, 1995) relating to a method of 
production of a vaccine against Salmon Rickettsial Syndrome 
produced by the bacterium Piscirickettsia salmonis - The 
method described in said patent application comprises a 
process for production of an inactivated vaccine, of the 
bacterin type. For this, initially the bacterium must be 
propagated in fish cell cultures and, once purified, it is 
inactivated and diluted in a suitable solvent, and is then 
ready for use by injection. 

Vaccines based on recombinant proteins are another 
possibility. If we succeed in identifying antigens involved 
in the humoral and/or cellular immune response of salmonids 
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against P. salmonis, it is possible, using the methods of 
molecular biology, to clone and express these molecules in 
suitable vectors, whether in bacteria, yeasts or animal 
cells, and then study their protective character. Methods of 
this type have been used in the investigation of numerous 
pathologies that affect humans, and among them some of the 
diseases that are caused by bacteria of the genus Rickettsia. 

In the case of scrub typhus, caused by R. 
tsutsugamushi , it was determined that two polypeptides are 
present, with molecular weights of 56 and 58 kDa, localized 
on the surface of the bacterium, which are said to be 
predominant in the infection (Tamura et al . , 1985) and whose 
genes have been cloned (Stover et al . , 1990a) • In the case of 
Rocky Mountain fever, caused by R. rickettsii , the gene for a 
protein of 155 kDa, localized in the cell wall of the 
bacterium, has been identified and cloned, and the presence 
of heat -sensitive epitopes has been determined using 
monoclonal antibodies. This antigen, when inoculated in mice, 
protects them from the lethal effect of the bacterium 
(McDonald et al . , 1987). It is interesting to note that a 
similar protein of 155 kDa has been identified in Rickettsia 
conorii and the gene that encodes it has been cloned and 
expressed in E. coli. When guinea pigs are inoculated with a 
lysate of the recombinant bacterium, protection is obtained 
against infection with the homologous strain of Rickettsia 
conorii as well as partial protection against experimental 
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infection with a heterologous strain like Rickettsia 
rickettsii (Vishwanath et al . , 1990). 

DNA vaccines 

The development of new strategies of vaccination 
against P. salmonis is justified by the fact that to date the 
disease has not been controlled and only one commercial 
vaccine of the bacterin type is approved at present, but its 
results are controversial for experts in animal health with 
reference to SRS (see Aquanoticias No, 47; p. 7; 1999) . There 
are several vaccines at the experimental stage , five of them 
are of the bacterin type, one is an isolated protein 
(purified antigen) and one is based on recombinant DNA (see 
Aquanoticias No, 47; p. 9; 1999). The production of a vaccine 
of the bacterin type involves the culture, purification and 
subsequent inactivation of the bacterium. The cultivation 
process can take up to 2 weeks when there are no problems of 
contamination, a fact that is not trivial when dealing with 
the cultivation of a bacterium that in cell culture is 
practically sensitive to all antibiotics. The purification 
process is expensive, slow and unsuitable for scaling-up as 
would be required for mass vaccination of millions of salmon. 
It has also been demonstrated that vaccination with bacterins 
requires adjuvants for potentiation of the immune response of 
the fish and booster doses, a situation that leads to 
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rejection by the salmon farmers because it involves double 
manipulation of the fish, which can generate such a high 
level of stress that it can cause higher mortality than might 
result from a possible outbreak of SRS (see Aquanoticias No. 
47; p. 8; 1999). Moreover, no works are known in which it is 
demonstrated that bacterins are able to induce cellular 
immunity, which is very important when dealing with pathogens 
that live within the cell, such as P. salmonis . On the other 
hand, vaccination with pure antigens also leads to problems, 
among which we may mention the fact that they are proteins, 
usually obtained from recombinant DNA, that are cloned and 
expressed in microorganisms, generally produced within 
inclusion bodies, from where they must be recovered and 
purified, a process that takes time and increases the costs 
of production. Moreover, once obtained, the proteins must be 
kept cold for optimal functioning, so that they are not 
practicable in regions that lack cold chain systems. Other 
vaccination systems, such as those based on viral vectors, 
have the shortcoming that they may be inefficiently 
attenuated and may revert to a virulent strain (Hilleman R - , 
1995) . Moreover, since they have to be incorporated in the 
host r s genome they may cause undesirable mutations (Kurth R. , 
1995) . 

The technology of vaccination with nucleic acids 
relates to the method by which an immune response to a 
protein expressed "in vivo" is induced after the introduction 
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of an oligonucleotide sequence that codes for this protein. 
This technology is radically different from the classical 
vaccines that contain the immunogenic material, either in the 
form of an inactivated pathogenic agent or more recently as a 
subunit of the pathogenic agent, either purified from the 
pathogen or produced by recombinant DNA or by chemical 
synthesis of peptides. The possibility of developing vaccines 
based on nucleic acids dates back to 1990 when Feigner and 
co-workers (Wolff et al ♦ , 1990) described how the injection 
of reporter genes in muscle cells resulted in the expression 
of the proteins encoded by the genetic material. Two years 
later Tang and co-workers (Tang et al . , 1992) demonstrated 
that the immunization of animals with microspheres of 
colloidal gold covered with plasmid DNA led to the appearance 
of an immunogenic response in the animals to the proteins 
encoded by the injected DNA. Later on, Liu and co-workers 
(Ulmer et al . , 1993) demonstrated that the immunization of 
animals with DNA that encodes proteins of the influenza virus 
induced protective immunity to the pathogen. In these 
experiments, mice were immunized with plasmid DNA containing 
an insert encoding the proteins of the virus, which developed 
a humoral and cellular immune response that was sufficient to 
protect the animals from a lethal challenge with the 
influenza virus. Recently, several investigators have 
reported the efficacy of immunizations with DNA for inducing 
protective immune responses in animal models of several 
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infectious diseases, some of which include intracellular 
pathogens like P. salmonis. These include influenza (Ulmer et 
al . , 1993; Montgomery et al . , 1993; Robinson et al . , 1993), 
(Xiang et al . , 1994), malaria {Sedegah et al . , 1994; Hoffman 
et al . , 1995), leishmaniasis (Xu et al . , 1994), papilloma 
virus (Donnelly et al 1995), herpes (McClements, 1995; 
Rouse, 1995), tuberculosis (Lozes E. et al . ; Lowrie D. et al . 
1997) and bovine herpes virus (Babiuk et al . , 1995) , 

The nucleic acid vaccines can be based on RNA or on 
DNA, although the vast majority of the studies conducted in 
animals to date were based on DNA. Although messenger RNA is 
undoubtedly more attractive from the standpoint of the low 
possibility of integration in the genome, it does not appear 
to be the vehicle of choice owing to its instability and 
greater difficulty of production. 

Two factors have to be taken into account when 
considering what type of tissue is best for immunizations 
with DNA vaccines, namely the level of antigen expressed and 
the accessibility of the antigen to the immune system. The 
amount of antigen produced will depend on the amount of DNA 
incorporated in the cells, which in its turn depends on the 
type of cells and on the formulation of the DNA. The level of 
expression will depend partly on the activity or potency of 
the promoter and on other genetic elements that optimize the 
transcription and translation occurring in the vector. For 
one and the same promoter, this activity can vary in 
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different tissues- The expression vectors possess an 
efficient promoter, which are usually viral promoters such as 
those of the human cytomegalovirus, simian virus 40 (SV4 0) , 
Rous sarcoma virus (RSV-) . These promoters are not tissue- 
specific, they have constitutive expression, and can be 
replaced by species- and tissue-specific promoter/enhancer 
elements as is the case with the /3-actin gene of the carp 
Cyprinus carpio (Liu Z. et al . , 1990). Moreover, from a 
region that contains sequences for multiple cleavage with 
various restriction enzymes, the vectors possess a 
polyadenylation site, for increasing the stability of the 
mRNA. The polyadenylation sequence of the bovine growth 
hormone gene, BGHpA, is usually employed for this purpose 
(Donnelly J., et al . , 1997). They must also possess a 
prokaryotic replication origin, for efficient propagation of 
the plasmid in competent E. coli cells. The commonest 
selection markers carried by the plasmid expression vectors 
used in DNA vaccines are ampicillin or kanamycin. It was 
found experimentally that if an intron (noncoding sequence) 
is inserted between the promoter region and the 
polyadenylation sequence, the efficiency of expression of the 
vector is increased by several times (Barry M. , and Johnston 
S. , 1977a) , 

The accessibility of the antigen to the immune 
system is another important variable that will depend on its 
presentation. To induce a humoral type of response, the 
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antigen will have to be presented on the surface of the cell 
transfected with the DNA or secreted and processed by antigen 
presenting cells, which will depend on the type of vector 
used. To induce a cellular response, it will be necessary to 
induce suitable presentation of peptides derived from the 
antigen by molecules encoded by the MHC of the host system 
(Donnelly J., et al . , 1997), (Sewell A. f et al . , 1999; 
Whitton J., et al . , 1999). 

The transfer of nucleic acids to the vaccinated 
animal or individual can.be carried out. in various ways. The 
formulation most commonly used is the transfer of plasmid DNA 
or of DNA contained in a viral vector (adenovirus, 
retrovirus, vaccinia, herpes, etc.). Plasmid DNA offers 
several potential advantages as it is very stable and easier 
to prepare reproducibly . Moreover, in contrast to viral 
vectors, plasmid DNA is usually designed to remain in 
episomal form, i.e. without the capacity for being integrated 
into the genome of the animal . Many of the viral vectors 
generally require integration in the genome, which might lead 
to activation of oncogenes or inactivation of tumor 
suppressor genes (Nichols et al . , 1995). One of the most 
studied routes of immunization with DNA is direct injection 
of genetic material into muscular tissue. For example, Davis 
and co-workers (Davis et al . , 1993) demonstrated that a 
single injection of DNA encoding the surface antigen of the 
hepatitis B virus, in mouse skeletal muscle, induces a rapid, 
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potent and sustained humoral and cellular immune response. 
Despite the low efficiency of genetic transfer in mature 
muscle, it is sufficient for the purposes of immunization. 
For example, injection of just 10 micrograms of DNA in the 
mouse anterior tibial muscle induces antibodies at a level 
above 10 mlU/mL, a level that is considered sufficient for 
conferring protective immunity in humans (Davis H., et al . , 
1993) , It was observed that the potency of the immunologic 
response is clearly related to the dose of the vaccine and 
the. efficiency of transfection. Thus, methods that, improve 
the incorporation of DNA in the cells improve the immunologic 
response. For example, injection of DNA in 25% sucrose gives 
a hundredfold increase in the level of antibodies (Davis et 
al., 1993). These authors also demonstrated that the immune 
response obtained as a result of immunization with DNA is 
persistent, demonstrating that the level of antibodies 
obtained is maintained for at least 17 weeks after a single 
injection of DNA. 

A very interesting technological variant was 
described recently by Barry and co-workers (Barry et al . , 
1995) . These authors developed a method for the production of 
DNA vaccines based on immunization with expression libraries, 
which potentially encode all the proteins of the infectious 
agent. This makes it possible to develop vaccines even 
against pathogens for which very few protective antigens are 
known, since it is not necessary to know what genes of the 
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pathogen are associated with immunity. Barry and co-workers 
demonstrated that immunization of mice with expression 
libraries obtained from complete genomic DNA of Mycoplasma, 
pulmonis, a natural pathogen of rodents, was able to develop 
immunoprotection against challenge with the pathogen. This 
technology is based on the fact that all the antigens of the 
pathogen are finally encoded in its genome. Accordingly, the 
method involves making an expression library of the genome of 
the pathogen in suitable vectors that permit expression of 
the potential antigenic genes or of a proportion of them that 
it has been possible to clone. This genome can then be 
reduced in successive stages of fractionation until 
individual protective plasmids are obtained* As a result, 
this approach also makes it possible to discover individual 
candidate genes and use them as recombinant vaccines. The 
critical aspect in the application of immunization with 
expression libraries is its sensitivity. For example, to 
cover the genome of a bacterial pathogen of 3 x 10 6 bp in 500 
bp fragments would require approximately 600 0 clones. 
However, only 1/6 of these would be in the correct frame and 
direction. Therefore one equivalent of expression would 
require 36 000 clones. Finally, it is important to point out 
that in fish (Kanellos et al . , 1999) and specifically in carp 
[Cyprinus carpio) , in trout (Oncorhynchus mykiss) and in 
goldfish (Carassius auratus L.), methodology has been 
described for expressing exogenous genes injected 
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intramuscularly (Hansen et al - , 1991; Anderson et al . , 1996a 
and Russell et al . , 1998, respectively). In the second case, 
moreover, Anderson's group demonstrated that trout injected 
in the skeletal musculature with a plasmid that contains the 
genes that code for proteins of the infectious hematopoietic 
necrosis virus (IHNV) and that are under the control of a 
cytomegalovirus promoter produce neutralizing antibodies that 
confer protection on the trout when challenged with IHNV 
(Anderson et al. f 1996b). Herrmann et al . (US patent 
6,165>993) describe a concrete application of DNA vaccines 
for inducing an immune response to rotaviruses in various 
vertebrates . 

For the particular case of the application of DMA 
vaccines against rickettsial diseases, Barbet et al . (US 
patent 6,025, 338). disclosed a composition comprising an 
Isolated polynucleotide, which is able to induce an immune 
response to a disease caused by a pathogenic rickettsia, 
including Cowdria ruminant ium, Ehrlichia chaff eensis and 
Anaplasma marginale. 

Davis's patent (US patent 6,180,614) describes the 
general use of DNA vaccines as a method of immunization of 
aquaculture species. This patent also discloses the methods 
of administration of the DNA expression systems to the fish. 
Said methods include the techniques of injection, spraying 
and dipping. 
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Heat stress proteins and the immune response 

The heat stress proteins (HSPs} are molecules of 
conserved structure that play an important role within the 
cell. The HSPs are responsible for making possible the 
folding, unfolding and correct assembly of proteins, 
including the maturation of multimeric protein complexes, 
such as those of the immunoglobulins and MHC. Their 
participation in the processes of translocation of proteins 
between different, cellular . compartments has also been 
verified. It appears that these proteins play a role in 
protection and pathogenesis in various infections and 
autoimmune diseases. During episodes of stress, the synthesis 
of HSPs increases dramatically , and represents one of the 
most important mechanisms for survival of the cell. It has 
been demonstrated that these proteins represent dominant 
antigens in a great many infectious episodes, inducing 
important humoral and cellular immunologic responses. 

On penetrating to the intracellular milieu of a 
host cell, a microorganism encounters a number of stressful 
changes. Under these conditions, the synthesis of the 
microbial HSPs increases significantly, increasing the 
potential for survival. As a consequence, the HSPs are the 
main antigens that induce a strong immune response in various 
infectious diseases. There is a high degree of sequence 
homology of the HSPs between microorganisms of very variable 
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virulence. The possible advantage for the immune system of 
focusing on the conserved sequences of the HSPs shared by 
several different microorganisms is the possibility of 
quickly mounting a broad immunologic response, reducing the 
risk of colonization of the host by the pathogen. 

The nomenclature of the HSPs has been designed so 
that the molecular weight of the protein identifies it as 
belonging to a group, varying in size from the HSP10 family 
to the HSP10 0 family, the latter mainly in eukaryotes. 

Different members of the HSP family represent 
targets for the immune response, HSP60 being the principal 
antigen in bacterial infections. For example, in the case of 
mycobacteria, in leprosy and tuberculosis the immune response 
to HSP70 predominates over the other HSPs. In contrast, a 
response directed against HSP70 has been found in humans 
infected with parasites such as malaria, leishmaniasis, 
filariasis and candidiasis. 

In the particular case of HSP70, this is associated 
in the cytosol with polypeptides recently assembled during 
ribosomal translation (Frydman et al 1994) and is directly 
involved in the process of protein transport between 
different cellular compartments through membranes (Hartl et 
al., 1994). Moreover, HSP70, homologous to DNAK in E. coli f 
participates in the stabilization of proteins and promotes 
their assembly into multimeric complexes, and it also 
participates in their disassembly. In eukaryotic cells, HSP70 
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performs functions essentially of lysosomal degradation of 
cytosolic proteins and in the translocation of proteins in 
the endoplasmic reticulum. 

Vaccination with HSP 

Protection induced by vaccination with HSP has been 
demonstrated in various animal models. For example, 
immunization of mice with HSP60 from Helicobacter pylori, 
Histoplasma capsulation or Yersinia euterolitica induces very 
significant protection for each of the respective pathogens. 
Furthermore, immunization of mice with HSP60 from 
mycobacterium, administered as protein or DNA, induces a 
strong response of T cells, in vivo, and significant 
protection against infection by Mycoplasma tuberculosis . 
Similarly, HSP7 0 from M, tuberculosis injected as DNA in mice 
induces considerable protection against tuberculosis, an 
intracellular pathogen. 

The recent patents of Srivastava (US patents 
6, 168,793 and 6,143,2 99) must also be considered as 
publication of prior art. These documents disclosed the use 
of preparations of heat stress proteins for the prevention 
and treatment of cancer and of infectious diseases* 
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Definition of the problem solved by the invention 

There is now a growing need for vaccines for mass 
infections of aquaculture species. As already explained, the 
vaccines currently on the market, based on bacterins, are of 
limited use and there is scant documentation concerning their 
efficacy. Moreover, the production of bacterins for SRS is 
very expensive, owing to the complexity of the cultivation 
system. The present invention solves the problems of the 
prior art, applying the latest findings of molecular biology, 
for producing DNA vaccines and recombinant vaccines against 
SRS. It makes it possible to produce these vaccines on a 
large scale and very efficiently, being independent of the 
complex cultivation systems required for the proliferation of 
Piscirickettsia salmonis. 

Definition of the invention 

The invention relates generally to a DNA vaccine 
for inducing an immune response to Piscirickettsia. salmonis 
in vertebrates, especially in aquaculture species, such as 
the Coho salmon, the Atlantic salmon, the Chinook salmon or 
the trout, based on a DNA fragment that codes for the heat 
stress protein 60 (HSP6 0) and the method of preparation 
thereof. The invention also describes a purified 
oligonucleotide to be used for the production of a vaccine 
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against Piscirickettsia salmonis in vertebrates and a 
recombinant vaccine prepared starting from this 
oligonucleotide . 

The term "vaccine" refers here to any material 
capable of inducing an immune response in the animal that has 
received said material . 

Vaccination with nucleic acids relates to the 
method by which an immune response to a protein expressed "in 
vivo" is induced after the introduction of an oligonucleotide 
sequence that codes for this protein. Therefore; the concept 
of "DNA vaccine", as used here, refers to any DNA segment 
that, when introduced into an animal, produces the immune 
response explained in the preceding sentence. 

The main object of the present invention is a DNA 
vaccine that comprises a DNA fragment that codes for the heat 
stress protein 60 (HSP60) of Piscirickettsia salmonis or an 
immunogenic region thereof, inserted in a suitable plasmid 
vector for inducing an immune response to Piscirickettsia 
salmonis in vertebrates. 

In a preferred embodiment of this invention, said 
DNA fragment corresponds to the nucleotide sequence SEQ ID 
No. 1 (see Fig. 1) or a fragment thereof. Alternatively, said 
DNA fragment corresponds to a nucleotide sequence that gives 
rise to the same protein or protein fragment as SEQ ID No. 1, 
using various codons, preferably the codons most used by the 
vertebrate organism that is to be vaccinated. For both 
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embodiments, it has been established that the heat stress 
protein 60 of Piscirickettsia. salmonis corresponds to the 
amino acid sequence SEQ ID No. 2 (see Fig. 2) or an 
immunogenic region thereof . 

In another preferred embodiment of the DNA vaccine 
according to the invention, the suitable plasmid vector has 
the following characteristics: a) a strong promoter, usually 
of the viral type that is not tissue-specific; b) a cloning 
site for insertion of the gene of interest; c) a 
polyadenylation site for stopping transcription of the 
messenger RNA; d) a prokaryotic replication origin for 
efficient propagation in cultures of E. coli; and e) a 
selection marker. Preferably, said plasmid vector is the 
plasmid pUK21-A2. 

In particular, said vertebrate corresponds to an 
aquaculture species, and preferably it is the Coho salmon, 
the Atlantic salmon, the Chinook salmon or the trout - 

In another preferred embodiment of the DNA vaccine 
according to the invention, it is administered by suitable 
techniques, selected from the group comprising intramuscular 
injection, spraying and dipping. Moreover, the vaccine 
contains a suitable adjuvant and/or a pharmaceutically 
acceptable carrier . 

In another variant of the present invention, the 
presence of antibodies to HSP60 generated by the DNA vaccine 
is detected by a method according to which, after a time, 
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blood is taken from the vertebrate that was vaccinated and 
the serum is analyzed by ELISA for the presence of antibodies 
to HSP60 .. 

A second main object of the invention is a method 
of preparation of the DNA vaccine against Piscirickettsia 
salmonis that comprises the following stages: 

a) Cloning the DNA fragment that codes for the heat stress 
protein 6 0 (HSP60) of Piscirickettsia. salmonis or an 
immunogenic region thereof 

b) Inserting it in a suitable plasmid vector for its 
expression and generation of an immune response to 
Piscirickettsia salmonis in vertebrates. 

In a preferred embodiment, the method comprises a 
DNA fragment that corresponds to the nucleotide sequence SEQ 
ID No. 1 or a fragment thereof. Alternatively, the DNA 
fragment corresponds to a nucleotide sequence that • gives rise 
to the same protein or protein fragment as SEQ ID No. 1, 
using various codons, preferably the codons most used by the 
vertebrate organism that is to be vaccinated. For both 
embodiments, it has been established that the heat stress 
protein 60 of Piscirickettsia salmonis corresponds to the 
amino acid sequence SEQ ID No. 2 (see Fig. 2) or an 
immunogenic region thereof. 

In another preferred embodiment, the method 
comprises the suitable plasmid vector that has the following 
characteristics: a) a strong promoter, usually of the viral 
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type that is not tissue-specific; b) a cloning site for 
insertion of the gene of interest; c) a polyadenylation site 
for stopping the transcription of the messenger RNA; d) a 
prokaryotic replication origin for efficient propagation in 
cultures of E, coli; and e) a selection marker. Preferably, 
said plasmid vector is the plasmid pUK21-A2. 

In particular the vertebrate corresponds to an 
aquaculture species, and preferably it is the Coho salmon, 
the Atlantic salmon, the Chinook salmon or the trout. 

In another preferred embodiment of the method 
according to the invent ion , the vaccine is administered by 
suitable techniques, selected from the group comprising 
intramuscular injection, spraying and dipping. 

A third main object of the invention is a purified 
DNA segment to be used for the production of a vaccine 
against Piscirickettsia salmonis in vertebrates, that codes 
for the heat stress protein 60 (HSP60 ) of Piscirickettsia 
salmonis or immunogenic regions thereof. In a preferred 
embodiment of this invention, the DNA segment has the 
nucleotide sequence SEQ ID No. 1 (see Fig. 1) or a fragment 
thereof. Alternatively, the DNA segment has a nucleotide 
sequence that gives rise to the same protein or protein 
fragment as SEQ ID No. 1 , using various codons , preferably 
the codons most used by the vertebrate organism that is to be 
vaccinated. For both embodiments, it has been established 
that the heat stress protein 60 of Piscirickettsia salmonis 
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corresponds to the amino acid sequences SEQ ID No, 2 (see 
Fig* 2) or an immunogenic region thereof. 

In particular, the vertebrate corresponds to an 
aquaculture species, preferably the Coho salmon, the Atlantic 
salmon, the Chinook salmon or the trout. 

In another embodiment of the present invention, the 
oligonucleotide is used for producing a recombinant vaccine 
for inducing an immune response to Piscirickettsia salmonis 
in vertebrates, where the heat stress protein 60 (HSP60) of 
Piscirickettsia. salmon! s or an immunogenic region thereof is 
produced using a suitable expression vector and a suitable 
host. In particular, the vertebrate corresponds to an 
aquaculture species, preferably the Coho salmon, the Atlantic 
salmon, the Chinook salmon or the trout. In another variant, 
the expression vector is a plasmid, preferably the vector 
pET32a. Moreover, it has been determined that the host is a 
bacterium, preferably E . coli. 

In another preferred embodiment of the recombinant 
vaccine according to the invention, it is administered by 
suitable techniques, selected from the group comprising 
intramuscular injection, spraying and dipping. Moreover, the 
vaccine contains a suitable adjuvant and/or a 
pharmaceutical^ acceptable carrier. 

In another variant of the present invention, the 
presence of antibodies to HSP60 generated by the recombinant 
vaccine is detected by a method according to which, after a 
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time, blood is taken from the vertebrate that was vaccinated 
and the serum is analyzed for the presence of antibodies to 
HSP60 by means of ELISA . 

Description of the drawings 

Fig, 1 : 

This diagram shows the nucleotide sequence (SEQ ID 
No. 1) of the gene that codes for the heat stress protein 60 
(HSP60) of Piscirickettsia salmonis. 

Fig. 2: 

This diagram shows the amino acid sequence (SEQ ID 
No. 2) of the heat stress protein 60 (HSP60) of 
Piscirickettsia. salmonis. 

Fig. 3 : 

This diagram shows a schematic representation of 
the plasmid pUK21-A2. 

Fig. 4: 

This diagram shows a schematic representation of 
the plasmid pUK21-A2, containing the insert with the HSP60 
gene, designated pUK21-A2 HSP60. 
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Fig. 5: 

This diagram shows the structure of the plasmid 

pET-32a 
Fig. 6: 

This diagram shows the structure of the plasmid 
pET32a-HSP60 

Fig. 7: 

This diagram shows the production of HSP60 of 
P. salmonis in E« coli 

The following examples illustrate some concrete 
applications of the invention, but are not intended to limit 
the scope of the present invention. 



EXAMPLES 



Example 1 : Isolation, cloning and sequence of the HSP60 gene 
of P. salmonis 



a) Culture of CHSE-214 cells 

Inocula of CHSE-214 cells {ATCC 1681) , stored in 
liquid nitrogen, were thawed and cultivated in T175 bottles 
in MEM medium at 16 °C for 7 days or until the cells reached 
confluence . 
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b) Culture of P. salmonis. 

Inocula of P. salmonis containing at least a titer 
of 1 x 10 8 bacteria/mL were used for each of the T175 bottles 
with CHSE-214 cells* On the next day, the medium was 
withdrawn and 5 0 mL of fresh MEM-complete medium was added. 
Culture was carried out at 16 °C for 10 to 14 days, 
periodically observing, with the phase contrast microscope, 
the degree of lysis of the CHSE-214 cells caused by the 
bacterial infection. When the cytopathic effect was in the 
region of 100% of the cells, the culture of P. salmonis was 
considered to be ready for harvesting or for subsequent 
propagation of the culture- The bacteria were harvested using 
a cell scraper. Once collected, the lysate was centrifuged 
and the supernatant collected corresponds to the semipurified 
fraction of P. salmonis . 

c) Purification of P. salmonis 

To purify the bacterium, the suspension with the 
semipurified fraction of P. salmonis was submitted to density 
gradient centrifugation, obtaining a major band near the 
bottom of the centrifuge tube. This band was collected and 
was washed two to three times by centrifugation with a buffer 
solution. The final sediment or pellet constitutes the 
purified fraction of P. salmonis. 
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d) Preparation of genomic DNA of P. salmonis 

Our method is based on Binder >s protocol (Binder, 
1995, Mitochondrial nucleic acid purification and analysis. 
Methods in Molec. Biol. 20:1). Briefly, the purified fraction 
of P. salmonis was washed with PBS buffer, 2 0 /zL of a 
solution of 10 mg/mL of DNase I was added to it, and it was 
incubated at 37°C for 30 min. After centrif ugation to remove 
the supernatant, the pellet was resuspended in 500 fih of PBS 
plus 100 /xL of 0.1M EDTA to stop the activity of the DNase I. 
It was agitated gently by inversion, centrifuged again and 
the pellet, without DNase I, was resuspended in 1 mL of lysis 
buffer (sucrose 0,75 M, NaCl 400 mM, EDTA 20 mM, Tris-HCl 
50 mM, SDS 0.2%, 1 mg of Proteinase K, pH 9). It was agitated 
gently by inversion and it was incubated at 58 °C for 1 hour, 
with gentle agitation. On completion of incubation with the 
protease, the solution was extracted with one volume of 
phenol saturated with Tris-HCl (pH 8) and was then extracted 
twice with a 24:1 chloroform- isoamyl alcohol mixture. Next, 
the DNA was precipitated with 0.4 volumes of 5M ammonium 
acetate and 2.5 volumes of cold absolute ethanol at -2 0 °C for 

3 0 min. 

e) Polymerase chain reaction (PCR) 

Autoclaved 50 0 Eppendorf tubes were filled with 
5 juL of PCR buffer 10 X without Mg, 1.5 /xL of MgCI 2 5 0 mM, 

4 /xL of dNTP mixture 2.5 mM, 2 . 5 /*L of each of the 
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oligonucleotide primers (14.1 /xM of each), 100 ng of template 
DNA, 0,5 /*L of Taq DNA polymerase 5 U//xL 7 made up to a final 
volume of 50 fih with rnilliQ sterile water. The experimental 
conditions used were as stated by Mauel et al , , 1996 
(Diseases of Aquatic Organisms, 26:189). 

f) Agarose gel electrophoresis 

To determine the integrity of the genomic DNA of 
P. salmonis, as well as that of the plasmid DNA, and that of 
the amplification products, 1 and 2% agarose gel 
electrophoresis was performed. This method was carried out 
according to Sambrook et al . , 1989 (Molecular cloning: A 
Laboratory Manual, CSHL, New York) . 

g) Cloning and sequencing of the HSP60 gene of the heat 
stress protein of P. salmonis . 

Using algorithms for comparing the sequence 
homology of DNA (PCGene and National Center for Biotechnology 
Information) , the localization of the most conserved 
sequences in the HSP60 gene of Rickettsia, and of other 
bacteria whose genes of these proteins show homologies with 
.Rickettsia was determined. In parallel, analyses of 
hydrophilicity of the HSPs of these species were performed to 
determine the regions of the protein where there are strong 
antigenic determinants. The regions of HSP60 of P. salmonis 
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to be amplified by PCR were defined on the basis of this 
information. 

On the basis of homologies with the genomes of 
other organisms, in particular Legionella pneumophila and 
Coxiella. burnetii, the primers a) sense: 5 T - 
ATGGCTGAAATTATTGGTAT- 3 1 and b) antisense : 5 T - 

AACTTCTTCAAACTCAGCAT-3 1 were designed, and were used in a 
polymerase chain reaction, using highly purified chromosomal 
DNA of P. salmonis as template: This process gave rise to a 
fragment of approximately 153 5 base pairs that was cloned in 
the vector pGEMt . Once DNA of the resultant plasmid (pGEMt 
HSP60) was isolated, the insert was sequenced, demonstrating 
the presence of a gene that codes for a protein of 53 7 amino 
acids, which displays high homology with the HSP60 of other 
organisms as well as with the partial sequence of fragments 
of P. salmonis obtained previously. 

The results are presented in Figs. 1 and 2. Fig. 1 
shows the nucleotide sequence (SEQ ID No. 1) of the gene that 
codes for the heat stress protein 60 of Piscirickettsia 
salmonis (HSP60) . Fig. 2 shows the amino acid sequence (SEQ 
ID No. 2) of the heat stress protein 60 of Piscirickettsia 
salmonis . 



- 35 - 



Example 2 : Preparation of a vector for a genetic vaccine. 
Cloning of the HSP6Q genes of P. salmonis in the plasmid 
PUK21-A2 . 

The vector pUK21-A2 possesses the following 
characteristics necessary for use as DNA vaccine: a) a strong 
promoter, usually of the viral type that is not tissue- 
specific; b) a cloning site for insertion of the gene of 
interest; c) a polyadenylation site for stopping the 
transcription of the messenger RNA; d) a prokaryotic 
replication origin f or _ efficient propagation in cultures of 
E. coli} and e) a selection marker. 

a) Preparation of DMA of the plasmid pUK21-A2 

Plasmid DNA obtained from E. coli HB 101 was 
purified using the commercial kit Qiagen Plasmid Purification 
(Qiagen) in accordance with the supplier's instructions. The 
plasmid was linearized with the enzyme EcoRI , then the ends 
were repaired with DNA polymerase, according to the protocols 
of Sambrook et al . > 1989 {Molecular cloning: A Laboratory 
Manual, CSHL, New York) . Next, the ends of the linearized 
vector were dephosphorylated by adding 15 of alkaline 

phosphatase (1 U//xL) , and then incubated for 1 hour at 3 7 °C. 
Finally the plasmid DNA prepared was purified using the 
"Wizard" system (Promega, Madison, Wisconsin, USA) . Fig. 3 
shows a schematic representation of the plasmid pUK21-A2. 
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b) Cloning of the HSP60 gene of P. salmonis in the vector 
pUK21-A2 . 

For preparation of a vector for a genetic vaccine, 
2 new primers are designed, which include the initial and 
final sequences of the HSP6 0 gene of P. salmonis as well as 
the sequences of specific sites for restriction endonucleases 
BaraHI and EcoRl . 
These primers are 

a) sense : 5 T -TATGGATCCATGGGTGAAATTATTGGTATTG- 3 1 and 

b) antisense : 5 r - GTGGAATTCCTAAACTTCTTCAAACTCAGCATC - 3 ' . 
Using these primers, a polymerase chain reaction is carried 
out using highly purified chromosomal DNA of P. salmonis (the 
same as that described in Example 1) as template. As a 
result, a fragment of approximately 1920 base pairs is 
obtained- This fragment is isolated, and after digestion with 
the endonucleases BamHI and EcoRI it is joined to the plasmid 
pUK21-A2, generating the vaccine vectors pUK21 -A2 -HSP60 . Fig. 
4 shows a schematic representation of the plasmid containing 
the HSP60 insert. 

Example 3 : Development of antibodies in mice after 
intramuscular injection of the plasmid pUK21-A2-HSP60 , 

The plasmid that contains the gene of the HSP in an 
animal expression vector, designated pUK21A2-HSP60 , after 
injection in mouse muscle is capable of expressing this 
protein and developing an immune response that gives rise to 
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the appearance of antibodies. This is demonstrated as 
follows. A solution of each of the plasmids is prepared in 
PBS buffer at a DNA concentration of 0.5 fig/ fil.. Mice 
belonging to the Balb/c strain are injected in the femoral 
muscle of the hind limbs with 2 doses of 100 fil of a solution 
of 50 /.tg/lOO fil of plasmid DNA (50 fil is injected in each 
limb) . This injection is performed on day zero and a second 
dose is administered at 15 days {day 15) . As control, the 
same operation is carried out using control plasmid DNA that 
does not possess the HSP60 gene (pUK21-A2) . 

After 45 days have passed (day 45) , blood is taken 
from the mice and the serum is analyzed for the presence of 
antibodies to HSP60 by ELISA-. 

a) Determination of anti-HSP60 antibodies by ELISA 

The mice immunized on days 0 and 15 with the 
plasmids pUK21A2 and pUK21A2 -HSP6 0 are bled on day 45, with a 
cut in the inferior caudal vein of the tail. The 2 50 fil of 
blood obtained is incubated at 3 7°C for one hour to obtain 
the serum. The same procedure of bleeding and obtaining the 
serum is also performed before immunization. This sample is 
called pre -immune serum. 

The humoral immune response of the immunized mice 
with the plasmids is evaluated by ELISA, as described below. 
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1. 96 -well polystyrene plates, treated beforehand with a 
bioadhesive phenolic protein (Pegotin) , are activated with 
10 /ig/ml of antigen, 50 /xl/well. They are incubated for 90 
min at room temperature . 

2. The antigen is removed and the nonspecific sites are 
blocked with a 4% solution of casein sucrose, 300 /xl/well for 
60 min at room temperature. 

3. 50 fil of a serial dilution of the serum from the immunized 
mice and pre-immune serum is added to each well. It is 
incubated for 90 min at room temperature. 

4. The serum samples are removed and the plate is washed with 
300 /il/well of phosphate saline buffer, containing Tween 2 0 
at 0*02%. This is done 3 times, with intervals of 5 min 
between each washing cycle, 

5. The solution from the last washing is removed and 50 jil of 
mouse anti- immunoglobulin G goat antibody, combined with 
alkaline phosphatase, at the dilution recommended by the 
manufacturer in blocking solution, is added to each well. It 
is incubated for 3 0 min at room temperature, then proceeding 
as in point 4 . 

6* The solution from the last washing is removed and 50 jil of 
a solution containing 1 mg/ml of paranitrophenyl phosphate in 
Tris 100 mM buffer, sodium chloride 100 mM and magnesium 
chloride 5 mM (pH 9.5) is added to each well. It is incubated 
for 30 minutes at 37°C. 
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7. The reaction is stopped with 3M sodium hydroxide and 
spectrophotometer readings are taken at a wavelength of 
4 05 nm. 

As shown by the results in Table 1, the serum from 
the mice injected with the plasmid pUK21-A2-HSP6 0 reacts with 
the HSP60 protein in ELISA, indicating that it contains 
specific antibodies to this protein. In contrast, the mice 
injected with a control preparation (pUK21A2) do not develop 
antibodies to HSP60. This example shows that by injecting 
genes of HSP60, prepared as described in this invention, it 
is possible to stimulate the immune system of the mouse and 
develop a humoral response in the form of anti~HSP60 
antibodies . 



Table I. Measurement of anti-HSP60 antibodies in mice 
immunized with pUK21A2-HSP60 . 



Sample 


O.D. reading 
445 nm/30 min 




Pre immune serum 


0 . 04 




Serum from mouse immunized 
with pUK21A2 (control) 


0 . 03* 




Serum from mouse immunized 
with pUK2 1 A2 - HS P 6 0 


0.31* 





* Mean value for 4 different mice. 
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Example 4 : Production of the recombinant protein HSP6.0 by 
cloning of the HSP6Q gene in the bacterial expression vector 
pET32a and its subsequent purification 

After confirming the sequence of the HSP60 gene, it 
is amplified by PGR from genomic DNA by means of sense and 
antisense primers that contain the restriction sites EcoRI 
and Xhol, respectively, at their ends. These oligos are 
sense : 5 ! -TATGAATTCATGGCTGAAATTATTGGTATTG-3 r and antisense : 
5 r - GTACTCGAGCTAAACTTCTTCAAACTCAGCATC - 3 r - The amplified 

fragment is cloned . - in the vector. pGEMT, ..and the positive 
clones are identified by PCR and enzymatic digestion. The 
HSP60 gene is isolated from the pGEMT-HSP60 clone by means of 
the enzymes EcoRI and Xhol and is purified by agarose gel 
electrophoresis'. The purified gene is ligated using T4 phage 
ligase to the vector pET32a (Fig, 5) cut with Xhol and EcoRI. 
The positive clones are identified by digestion with these 
enzymes. Fig. 6 shows the structure of the resultant plasmids 
pET32a-HSP60 which expresses a fusion protein composed of 
HSP60 and a segment that contains polyhistidine used for its 
purification. Plasmid DNA was obtained from one of the 
recombinant clones and was used for transforming competent 
cells of E. coli. Expression of the fusion protein Trx-HSP60 
is induced in a culture of recombinant cells by the action of 
1 mM IPTG. The protein present in the bacterial residue is 
purified on an Ni -agarose column. All the procedures were 
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performed in accordance with the protocols described by 
Sambrook (Sambrook et al . , 1989). 

Fig, 7 shows a polyacryl amide gel with SDS made 
according to Laemmli, which shows the production of the 
fusion protein Trx-HSP60 by recombinant bacteria transformed 
with the plasmids pET32a-HSP60 . 



PATENT CLAIMS 



1. DNA vaccine, which comprises a DNA fragment that 
codes for the heat stress protein 6 0 (HSP60) of 
Piscirickettsia salmonis or an immunogenic region thereof, 
inserted in a suitable plasmid vector for expressing the 
protein and generating an immune response to Piscirickettsia 
salmonis in vertebrates, characterized in that said DNA 
fragment corresponds to the nucleotide sequence SEQ ID No . 1 
or a fragment thereof . 

2. DNA vaccine according to Claim 1, characterized in 
that said DNA fragment corresponds to a nucleotide sequence 
that gives rise to the same protein or protein fragment as 
SEQ ID No. 1, using various codons, preferably the codons 
most used by the vertebrate organism that is to be 
vaccinated. 

3. DNA vaccine according to Claim 1, characterized in 
that said protein HSP60 derived from Piscirickettsia salmonis 
corresponds to the amino acid sequence SEQ ID No . 2 or to an 
immunogenic region thereof. 

4. DNA vaccine according to Claims 1 to 3, 
characterized in that said suitable plasmid vector has the 
following characteristics: a) a strong promoter, usually of 
the viral type that is not tissue-specific; b) a cloning site 
for insertion of the gene of interest; c) a polyadenylation 
site for stopping the transcription of the messenger RNA; d) 



a prokaryotic replication origin for efficient propagation in 
cultures of E. coli; and e) a selection marker. 

5. DNA vaccine according to Claim 5, characterized in 
that said plasmid vector is the plasmid pUK21-A2 according to 
Fig* 4 or some other with similar characteristics. 

6. DNA vaccine according to Claims 1 to 5, 
characterized in that said vertebrate corresponds to an 
aquaculture species . 

7. DNA vaccine according to Claim 6, characterized in 
that said aquaculture species is the Coho salmon,., the 
Atlantic salmon, the Chinook salmon, or the trout. 

8. DNA vaccine according to Claims 1 to 7, 
characterized in that said vaccine additionally includes a 
suitable adjuvant . 

9. DNA vaccine according to Claims 1 to 8, 
characterized in that said vaccine additionally includes a 
pharmaceutically acceptable carrier. 

10. Method of detecting the presence of antibodies to 
HSP60 generated by the DNA vaccine according to Claims 1 to 
9, characterized in that after a time blood is taken from the 
vaccinated vertebrate and the serum is analyzed for the 
presence of antibodies to HSP60 by EL ISA or some other method 
known in the prior art for the detection of antibodies. 

11. Method of preparation of the DNA vaccine against 
Piscirickettsia salmonis, characterized in that it comprises 
the following stages: 
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a) Cloning the DNA fragment that codes for the heat stress 
protein HSP6 0 of Piscirickettsia salmonis or an immunogenic 
region thereof ; and 

b) Inserting it in a suitable plasmid vector for expressing 
the protein and inducing an immune response to 
Piscirickettsia salmonis in vertebrates; 

in which said DNA fragment corresponds to the nucleotide 
sequence SEQ ID No. 1 or a fragment thereof - 

12. Method according to Claim 11, characterized in that 
said DNA fragment corresponds to a nucleotide sequence that 
gives rise to the same protein or protein fragment as SEQ ID 
No. 1, using various codons, preferably the codons most used 
by the vertebrate organism that is to be vaccinated. 

13. Method according to Claim 11, characterized in that 
said heat stress protein HSP60 of Piscirickettsia salmonis 
corresponds to the amino acid sequence SEQ ID No. 2 or an 
immunogenic region thereof. 

14. Method according to Claims 11 to 13, characterized 
in that said suitable plasmid vector has the following 
characteristics: a) a strong promoter, usually of the viral 
type that is not tissue-specific; b) a cloning site for 
insertion of the gene of interest; c) a polyadenylation site 
for stopping the transcription of the messenger RNA; d) a 
prokaryotic replication origin for efficient propagation in 
cultures of E. coli; and e) a selection marker. 



15- . Method according to Claim 14, characterized in that 

said plasmid vector is the plasmid pUK21A2 according to Fig, 
4 or some other with similar characteristics. 

16. Method according to Claims 11 to 14, characterized 
in that said vertebrate corresponds to an aquaculture 
species . 

17. Method according to Claim 16, characterized in that 
said aquaculture species can preferably be the Coho salmon, 
the Atlantic salmon, the Chinook salmon, or the trout. 

18. Purified DNA*". segment to be used for the production 
of a vaccine against Piscirickettsia salmonis in vertebrates, 
which codes for the heat stress protein 60 (HSP6 0) of 
Piscirickettsia salmonis or an immunogenic region thereof, in 
which said segment corresponds to the nucleotide sequence SEQ 
ID No. 1. 

19. Purified DNA segment according to Claim 18, 
characterized in that it corresponds to a nucleotide sequence 
equivalent to SEQ ID No. 2, or to a fragment thereof. 

20. Use of the purified DNA segment according to Claims 
18 and 19, characterized in that it is used for preparing a 
medicinal product that can be used for inducing an immune 
response to Piscirickettsia. salmonis in vertebrates, where 
said medicinal product can be administered by any suitable 
method. 

21. Use of a purified DNA segment according to Claim 
20, characterized in that said vertebrate corresponds to an 



aquaculture species preferably comprising the Coho salmon, 
the Atlantic salmon, the Chinook salmon and the trout. 

22 . Recombinant vaccine for inducing an immune response 
to Piscirickettsia salmonis in vertebrates produced using the 
DNA segment according to Claims 18 and 19, characterized in 
that the heat stress protein HSP60 of Piscirickettsia. 
salmonis or an immunogenic region thereof is produced using a 
suitable expression vector and a suitable host. 

23. Recombinant vaccine according to Claim 21, 
characterized in that said. . vertebrate corresponds to an 
aquaculture species preferably comprising the Coho salmon, 
the Atlantic salmon, the Chinook salmon and the trout. 

24. Recombinant vaccine according to Claims 22 and 23, 
characterized in that said expression vector is a plasmid or 
other DNA construct capable of expressing the heat stress 
protein HSP60 or a fusion protein containing it, in a 
suitable host. 

25. Recombinant vaccine according to Claim 24, 
characterized in that said plasmid is the vector pET32-a 
according to Fig. 6. 

26. Recombinant vaccine according to Claims 21 to 25, 
characterized in that said host is a microorganism, an insect 
cell or an animal cell. 

27. Recombinant vaccine according to Claim 26, 
characterized in that said host is preferably E. coli . 
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28. Recombinant vaccine according to Claims 21 to 27, 
characterized in that said vaccine additionally includes a 
suitable adjuvant . 

29. DNA vaccine according to Claims 21 to 28, 
characterized in that said vaccine additionally includes a 
pharmaceutically acceptable carrier. 

30. Method for detecting the presence of antibodies to 
HSP60 generated by the recombinant vaccine according to 
Claims 21 to 29, characterized in that after a time blood is 
taken from the vaccinated, vertebrate and the serum is 
analyzed for the presence of antibodies to HSP60 by ELISA or 
some other method known in the prior art for the detection of 
antibodies • 



Translator's Report/Comments 



Yourref: Lucas774 5 (D4) 



Your order of (date): 25.08.2008 



In translating the above text we have noted the following apparent errors/unclear 
passages: 



Page/para/line* 



Comment 



21/1/5 



Yersinia euterolitica 

Possibly Yersinia enterocolitica is intended. 



* This identification refers to the source text. Please note that the first paragraph is taken to be, where relevant, the end portion of a 
paragraph starting on the preceding page. Where the paragraph is stated, the line number relates to the particular paragraph. Where no 
paragraph is stated, the line number refers to the page margin line number. 
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MEMORIA DESCRIPTIVA 



La presente invencion se ref iere a una vacuna de ADN 
para generar respuesta inmune contra Plsolrlokettsla salmonis en 
vertebrados, especialmente en especies de acuicultura, tales como 
el salmon Coho, el salmon del Atlantico, el salmon Chinook o la 
trucha, basada en un fragmento de ADN que codifica para la pro- 
teina de estres termico 60 (HSP60), y su procedimiento de prepa- 
racion. La invencion tambien describe un segmento de ADN util en 
la produccion de una vacuna contra Plscirlckettsla salmonis en 
vertebrados y una vacuna basada en una proteina recombinante pre- 
parada a partir de este oligonucleotide . 

ANTECEDENTES DE LA INVENCI6N 
SINDROME RICKETTSIAL DEL SALMON (SRS) 

La bacteria intracelular Piscirlcketts la salmonis, cau- 
sante de la enfermedad llamada Sindrome Rickettsial del Salmon 
(SRS), ha sido desde un poco antes de su identif icacion (Fryer y 
col., 1990) un creciente problema para la industria salmonera 
chilena. Lo que inicialmente se describia como una patologia que 
afectaba solo al salmon Coho, se extendi6 a la trucha y al salmon 
del Atlantico. Pero, no solamente la extension de la enfermedad a 
las otras especies salmonidas cultivadas en el pais fue la causa 
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E l Sindrome Rickettsial del Salmon sigue sin una solu- 
ci6 n s61ida. Los tratamientos con anti*16ticos se estan naoiendo 
cada vez menos efectivos. Su apllcacion exltosa es incierta y 



solo hay respuesta cuando se aplican muy t empr anament e y, en mu- 
chos casos, el suministro inyectable del antibiotico es la unica 
solucion factible. En el mediano plazo, la unica solucion viable 
sera la utilizacion de vacunas para la inmunizacion de los pe- 
ces, previo a su exposicion a las condiciones de cultivo marino, 
donde la propagacion horizontal de la enfermedad es muy eficien- 
te, ya que la sobrevi vencia de la bacteria en agua dulce es muy 
ba j a . 

Las vacunas existentes en el mercado, consisten en 
bacterinas de uso restringido y con escasa document acion acerca 
de su efectividad. Ademas, la produccion de bacterinas para SRS 
es de alto costo, debido a la complejidad del sistema de cultivo 
del patogeno. La produccion In vitro de Pisclrlckettsla , una 
bacteria intracelular estricta, requiere la inoculacion de la 
bacteria sobre un cultivo de la linea celular apropiada. El 
hecho de que estas bacterinas sean producidas en los sistemas 
complejos ya descritos, tiene efectos en el nivel de control so- 
bre los antigenos producidos, asi es posible que las bacterias 
cosechadas no contengan los antigenos o no los contengan en el 
nivel requerido para inducir la proteccion deseada. Una alterna- 
tiva a las bacterinas es la produccion dirigida de antigenos, a 
traves de la clonacion de los genes que codifican los antigenos 
deseados del patogeno en una bacteria mas simple de cultivar, 
para producir los antigenos. La produccion de vacunas a traves 
de esta tecnica da origen a lo que se conoce como vacunas de ADN 
recombinante . Hay dos posibles presentaciones para este tipo de 
vacuna, la suspension de celulas atenuadas en algun tipo de 



coadjuvante apropiado ( generalmente de tipo oleoso) , o la sus- 
pension de los antlgenos fraccionados a partir cie la bacteria 
cultivada en un coadjuvante apropiado- En ambos casos es espera- 
ble tener algunos efectos secundarios post vacunacion, que se 
manifiestan como una disminucion del crecimiento durante unas 
semanas, posterior a la vacunacion, y a ciertas adherencias peri- 
toneales, que podrian afectar la calidad y/o el crecimiento de 
los peces. La ultima generacion en vacunas son las de ADN, que 
consisten en la inyeccion de cantidades minimas de material gene- 
tico que codifique antlgenos especificos del patogeno. De esta 
manera, el huesped comienza a producir In-sltu los antlgenos co- 
dificados. El material genetico introducido tendra una vida media 
de unos dias, despues de lo cual desaparece, tras cumplir su fun- 
cion . 

ANALISIS del estado de la tecnica 

VACUNAS EN ACU ICULTURA, VACUNAS PARA SRS 
Ant e cedent es gene rales 

En la actualidad, la industria salmonera nacional se ha 
consolidado como una importante fuente de divisas para el pais, 
generando empleo y permitiendo el surgimiento de otras empresas 
relacionadas con el sector. En 1998, la produccion neta nacional 
de salmones y truchas alcanzo un volumen de 181.600 toneladas, 
generando divisas por un monto de US$ 713,5 millones (ver Salmo- 
noticias No. 72; pag. 4-6; 1999). Sin embargo, esta actividad no 
ha estado exenta de problemas, a la acusacion de dumping y a la 
brusca caida del mercado japones, principal destino del salmon 
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chileno, hay que sumar las perdidas economicas que se producen 
debido a la muerte de los salmones. La mortalidad de los salmones 
en cautiverio se debe a diversos factores, entre los cuales se 
pueden mencionar la accion de la fauna depredadora, malos proce- 
dimientos sanitarios, y la alta densidad de peces por jaulas. No 
obstante, son las enf ermedades , y principalmente las causadas por 
agentes infecciosos, las que se destacan por provocar perdidas 
masivas (ver Salmonoticias No. 71; p<£g. 12-13 y No. 72; pag . 18- 
19; 1999). Actualmente los e j emplares producidos en Chile, se en- 
cuentran asediados principalmente por microorganismos tales como 
Renlhacterl urn salmonlnarum , agente causante de BKD (Bacterial 
Kidney Disease) y otro de naturaleza rickettsial como la Piscl- 
rlckettsla salmonls que es el agente causante del sindrome ric- 
kettsial de salmonideos, patologia que sin duda ha provocado las 
mayor es perdidas a la Indus tria salmonera en Chile . La cantidad 
de dinero que se pierde debido a esta enfermedad se ha evaluado 
en mas de US$ 100 millones anuales, si se incluyen tanto los cos- 
tos directos en terminos de mortalidades, tratamiento, alimenta- 
cion, asi como la perdida de ganancias potenciales (Obach A., y 
cols., 1998). Otro agente infeccioso que esta causando problemas 
en este sector es un virus perteneciente al genero Blrnavlridae 
conocido como Virus de la Necrosis Pancreatica Infecciosa (IPNV) 
(Bruno D., y Poppe T., 1996). Este virus posee un ARN de doble 
hebra y que provoca un serio cuadro clinico en los peces infec- 
tados, produciendo sustanciales mortalidades (Bustos P., y 
cols., 1999). Mas recient emente , existe temor sobre la aparicion 
de otro virus causante de la anemia infecciosa de salmones o 



ISAV (ver Salmonoticias No. 71; pag . 11; 1999 y Cassigoli J., 
1999) . Finalmente los agentes mic6ticos, tales como los pertene- 
cientes al genero Saprolegnla, tambien son una constante amenaza 
a todas las especies de salmonideos cultivados en Chile (Enri- 

quez R. , 1999) . 

El Sindrome Rickettsial del Salmon se presento por 
primera vez en el aflo 1989 en el sur de Chile y fue reportada en 
salmones Coho (Oncorhynchus kltsutch) , pero luego se encontro 
que tambien af ectaba al salmon Atlantico (Salmo salar) , salmon 
Chinook (O. tshawytscha) , trucha arcoiris (O. myklss) , entre 
otras especies de salmonideos (Bravo y Campos, 1989) . Los signos 
clinicos que caracterizan a un pez afectado con Sindrome Ric- 
kettsial son el nado en la superficie del agua, letargia, ano- 
rexia, orillamiento, cheque contra las paredes de las jaulas y 
oscurecimiento de la piel. Las lesiones macroscopicas externas 
mas relevantes incluyen descamacion, palidez branquial, hemorra- 
gias equimoticas y petequias en la base de las aletas, n6dulos 
ulceras en la piel, y los niveles de hematocrito reflejan una 
severa anemia (Elizalde J., 1993) . Mediante analisis anatomopa- 
tol6gico de la cavidad abdominal, es frecuente encontrar la pre- 
sencia de liquido ascitico, reno y esplenomegalia , n6dulos blan- 
quecinos en el higado, presencia de una pseudomembrana en el co- 
raz6n y hemorragias petequiales en el estomago, intestino, veji- 
ga natatoria, muscular y grasa visceral. En la mayoria de los 
casos, el intestino esta lleno con un contenido mucoso amari- 
llento y el estomago con un liquido transparente seromucoso. 
Desde el punto de vista histopatol6gico las lesiones pri ncip ales 
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corresponden a necrosis en diversos 6rganos y tejidos, siendo 
los mas afectados el rinon, higado, intestine y cerebro . Ademas 
se puede encontrar macrofagos conteniendo microorganismos dentro 
del citoplasma (Larenas y cols., 1998). 

El agente etiologico de este sindrome, fue identifica- 
do por primera vez en 1990 por Fryer (Fryer y col., 1990); pero 
solo en 1992 se pudo establecer de modo mas especifico la rela- 
cion de esta bacteria con otras especies de rickettsias, deter- 
minando mediante la secuencia del gen del ARN 16S el origen de 
un nuevo genero y una nueva especie que se denomin6 Pisairic- 
kettsla salmonis (ATCC OR 1361) (Fryer y col., 1992). La bacte- 
ria se caracteriza por ser Gram negativa, pleomorfica, inmovil, 
no encapsulada, cocoide, con un tamafio variable entre 0,5-1,5 
urn. En cultivo, este patogeno s61o crece en lineas celulares de 
salm6n, tal como celulas CHSE-214, dentro de vacuolas citoplas- 
maticas asociada a otras formando agregados de bacterias, aunque 
tambien se ha observado como argollas aisladas. Presenta tincion 
con reactive de Giemsa, Hematoxilina-Eosina, Azul de metileno, 
entre otros . Mediante microscopia electr6nica se ha podido ob- 
servar que esta bacteria presenta dos membranas, una externa on- 
dulada y una interna citoplasmatica, lo cual se ha observado en 
otros agentes rickettsiales . Mediante esta misma tecnica, se ha 
podido demostrar la presencia de estructuras similares a riboso- 
mas cerca de la membrana plasmatica, un ADN fibrilar en la re- 
gion central y estructuras esfericas electrondensas (Larenas y 
col. , 1998) . 



Medietas de prevencion 

En la actualidad el SRS ha sido controlado parcialmen- 
te mediante el uso de antibioticos los cuales no han resultado 
ser totalmente efectivos en el combate de la enfermedad. Entre 
los antibioticos con mejores perspectivas para el tratamiento 
del SRS, estan las quinolonas, por su amplio espectro, baja CMI 
y accion intensamente bactericida. Sin embargo, estos f armacos 
tienen efectos colaterales, tales como la generacion de resis- 
tencia de los patogenos, toxicidad, hipersensibilidad e inmuno- 
supresion (Arriagada R. , 1996). El uso de antibioticos tiene 
problemas que se relacionan con regulaciones aprobadas en 1997 
por la FDA de los Estados Unidos de Norteamerica y por la Comu- 
nidad Economica Europea que exigiran que todos los productos 
provenientes de la acuicultura deberan llegar a sus respectivos 
mercados sin residuos de antibi6ticos. Esto sin duda que sera un 
problema para los productores chilenos si se piensa que en Chile 
se destina el 80% de los antibioticos disponibles en el mercado 
nacional al combate de la P. salmonls (ver Aquanoticias No. 37; 
pag. 20; 1997) . 

Bacterinas y vacunas a base de proteinas recombinan- 

tes . 

Recientemente, Smith y col., (1997) describieron los 
resultados de protecci6n parcial obtenidos al inmunizar salmones 
Coho con una bacterina clasica para P. salmonls, preparada con 
la cepa ATCC del patogeno crecido en c6dulas CHSE-214 y poste- 
riormente fijado con paraf ormaldehido . Los peces fueron desafia- 



V; 



dos en forma natural, esto es t ransf iriendolos luego de la es- 
moltificacion a un sitio con piscirickettsiosis endemica. 

Gaggero presento en 1995 una solicitud de Patente Chi- 
lena (Gaggero 1995) referida a un procedimiento de obtencion de 
una vacuna contra el sindrome rickettsial del salmon producido 
por la bacteria Piscirlckettsia salmonis. El metodo descrito en 
esa solicitud de patente comprende un proceso de produccion de 
una vacuna inactivada, del tipo bacterina. Para ello inicialmen- 
te debe propagarse la bacteria en cultivos celulares de peces y 
una vez purificada, se inactiva y se diluye en un disolvente ade- 
cuado, quedando lista para su uso inyectable . 

Otra posibilidad son las vacunas basadas en proteinas 
recombinantes. Si se logra identificar antigenos involucrados en 
la respuesta inmune humoral y/o celular de salmonideos contra P. 
salmonis, es posible, usando la metodologia de Biologia Molecu- 
lar, clonar y expresar estas moleculas en vectores apropiados, ya 
sea en bacterias, levaduras o celulas animales, para posterior- 
mente estudiar su caracter protective. Este tipo de procedimien- 
tos ha side empleado en el estudio de numerosas patologias que 
afectan a los humanos y entre ellas, algunas de las enfermedades 
que son provocadas por bacterias del genero Rickettsia. 

En el case de la fiebre ; de los matorrales, producida 
por la R. tsutsugamushi, se ha determinado la presencia de dos po- 
li P 6ptidos, de masas moleculares de 56 y 58 Kd, localizados en la 
superficie de la bacteria, los que serian predominantes en la in- 
feccion (Tamura y col., 1985) y cuyos genes han sido clonados 
(Stover y col., 1990a). En el caso de la fiebre de la Montanas 



Rocosas, producida por la R. rickettsii, se ha identificado y 
clonado el gen para una proteina de 155 KD, localizada en la pa- 
red celular de la bacteria y mediante anticuerpos monoclonales se 
ha determinado la presencia de epitopos sensibles al calor. Este 
antigeno, al ser inoculado en ratones, los protege del efecto le- 
tal de la bacteria (McDonald y col., 1987). Es interesante desta- 
car, que una proteina analoga de 155 Kd, ha sido identificada en 
Rickettsia conorii y el gen que la codifica se ha clonado y expre- 
sado en E. coli. Al inocular cobayos con un lisado de la bacteria 
recombinante, se obtiene protecci6n a la infeccion con la cepa 
homologa de Rickettsia, conorii y tambien proteccion parcial a la 
infecci6n experimental con una cepa heter61oga como es Rickettsia 
rickettsii (Vishwanath y col., 1990). 

Vacunas de ADN 

El desarrollo de nuevas estrategias de vacunacion con- 
tra P. salmonis se justifica por el hecho de que a la fecha la 
enfermedad no ha sido controlada y s61o existe una vacuna comer- 
cial tipo bacterina con registro al dia, pero cuyos resultados 
son controversiales para los expertos en salud animal abocados al 
tema del SRS (ver Aquanoticias No. 47; pag . 7; 1999). Existen va- 
rias vacunas en etapa experimental, cinco de ellas son del tipo 
bacterinas, una proteina aislada (antigeno purificado) y una ba- 
sada en ADN recombinante (ver Aquanoticias No. 47; p£g . 9; 1999). 
La producci6n de una vacuna tipo bacterina, involucra el cultivo, 
la purificacion y posterior inactivaci6n de la bacteria. El pro- 
ceso de cultivo puede tomar hasta 2 semanas cuando no hay groble- 



mas de contaminaci6n, hecho que no es 



trivial cuando se trata de 



t lt ivar una .acteria que en cuitivo celular es P^i-ente 

sensible a todos ios antibi6t icos . Ei proceso de P uri f icaci6n e S 
costoso, lento e inadeeuado para un escalamiento como ei que se 
re queriria para una vacunaci6n masiva de millones de salmones. 
Tambien se ha demostrado que una vacunaci6n con bacterinas re- 
q uiere de adyuvantes para Xa P otanciaci6n de Xa respuesta inmune 
del pez y de dosis adicionaies de refuerzo, situaci6n que produ- 
ce rechazo en los sal.onicultores porque impiica una dobXe mani- 
P uXaci6n de Xos peces Xo cuaX puede generar un estres tan aXto 
que puede provocar mortaiidades mayores a las que se pueden pro- 
ducir con un posibXe brote de SRS (ver Aquanoticias No. 47; pag. 
8; 1999). Ademas, no se conocen trabajos en que se demuestre que 
las baoterinas son capaces de inducir inmunidad celular, lo cual 
es muy importante cuando se trata de patogenos de vida intrace- 
lular como lo es P. salmonis. Por otro iado, vacunar con antige- 
nos puros tambien plantea probiemas, entre ellos se puede men- 
oionar el hecho de que por tratarse de proteinas usualmente ob- 
tenidas a partir de ADN recombinants son cionadas y expresadas 
en microorganismos, generaimente producidas dentro de cuerpos de 
inciusi6n, desde donde deben recuperarse y purificarse, proceso 
que toma tiempo y eieva Xos costosjde produccion. Las proteinas 
ademas, una vez que son obtenidas deben mantenerse en frio para 
su 6ptimo funcionamiento, y este ultimo hecho las hace poco via- 
bles en regiones donde se carece de sistemas de cadena de frio. 
Otros sistemas de vacunacion, tales como los basados en vectores 
virales presentan el inconveniente de que pueden ser ineficien- 
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tlco . Dos aftos mas tarda Tang y colaboradores (Tang y cols., 
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ras de oro coloidal recubiertas con ADN plasmidial resultaba en 
la a P arici6n de una respuesta inmunogenica de los animales hacia 
las proteinas codificadas por el % inyectado. Posteriormente 
Liu y colaboradores (Ulmer y cols., 1993) demostraron que la in- 
munizacion de los animales con ADN codificador de proteinas del 
vir us de la influenza inducian una inmunidad protect iva contra 
el patogeno. En esos experiments los ratones fueron inmuniz^^ 
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cual a su vez depende del tipo de celulas y de la formulacion 
del ADN. El nivel de expresion dependera en parte de la activi- 
dad o potencia del promotor y de otros elementos geneticos que 
optimicen la transcripcion y la traduction presente en el' vec- 
tor. Para un mismo promotor, esta actividad puede variar en di- 
ferentes tejidos. Los vectores de expresion poseen un promotor 
eficiente, los cuales son usualmente promotores virales tales 
como los del Citomegalovirus humano, Virus de simios 40 (SV40), 
Virus del Sarcoma de Rous (RSV) . Estos promotores no son tejido 
especifico, tienen expresion const itutiva , y pueden ser susti- 
tuidos por elementos promotor /enhancer s especie y tejido-especl- 
ficos como es el caso del gen de la fi-actina de carpa Cyprinus 
carpio (Liu Z. y col., 1990). Ademas, de una region que contiene 
secuencias para multiples cortes con varias enzimas de restric- 
cion, los vectores poseen un sitio de poliadenilacion, para au- 
mentar la estabilidad del ARNm. Con este fin, usualmente se usa 
la secuencia de poliadenilacion del gen de la hormona de creci- 
miento de bovino, BGHpA (Donnelly J. > y cols., 1997). Tambien de- 
ben poseer un origen de replicacion procariotico , para la efi- 
ciente propagacion del plasmido en; celulas de E. coll competen- 
tes. Los marcadores de seleccion mas usuales que llevan los vec- 
tores de expresion plasmidiales utilizados en vacunas de ADN son 
Ampicilina o Kanamicina. Experimentalmente se ha encontrado que 
si entre la region promotora y la secuencia de poliadenilacion se 
coloca un intron (secuencia no codificante) se aumenta varias ve- 
ces la eficiencia de expresion del vector (Barry M. , y Johnston 
S. , 1977a) . 
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La accesibilidad del antigeno al sistema inmune es otra 
variable importante y que dependera cle su presentacion. Para in- 
ducer una respuesta de tipo humoral, el antigeno debera ser pre- 
sentado en la superficie de la celula transfectada con el ADN o 
secretada y procesada por celulas presentadoras de antigeno, lo 
cual dependera del tipo de vector utilizado. Para provocar una 
respuesta celular, debera inducirse una presentacion adecuada de 
peptidos derivados del antigeno por moleculas codificadas por el 
MHC del sistema hospedero. (Donnelly J., y cols., 1997), (Sewell 
A., y cols., 1999; Whitton J. , y cols., 1999). 

La transf erencia de acidos nucleicos al animal o indi- 
viduo vacunado puede ser llevada a cabo de varias maneras . La 
formulacion mas comunmente usada es la transf erencia de ADN plas- 
midial o de ADN contenido en un vector viral (adenovirus, retro- 
virus, vaccinia, herpes, etc.) . El ADN plasmidial ofrece varias 
ventajas potenciales ya que es muy estable y mas facil de prepa- 
rar en forma reproducible. Ademas, en contraste con los vectores 
virales, el ADN plasmidial esta usualmente disenado para permane- 
cer en forma episomal, es decir, sin capacidad para integrarse al 
genoma del animal. Muchos de los vectores virales en general re- 
quieren de integracion al genoma lo que podria resultar en acti- 
vacion de oncogenes o en inactivacion de genes supresores de tu- 
morea . (Nichols y cola . , 19 95) . Una de las rut as da inmunizaci6n 
con ADN m&s estudiadas ha sido la inyaccibn directa de material 
genet ico al te j ido muscular . Por e j emplo, Davis y colabor adores 
(Davis y cols., 1993) han demostrado que una sola inyeccion de 
ADN codificador del antigeno de superficie del virus de la hepa- 
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titis B, en musculo esqueletico de raton, induce una rapida, po- 
tente y sostenida respuesta inmune humoral y celular. A pesar de 
la baja eficiencia de la transf erencia genetica en musculo madu- 
ro, esta es suficiente para los prop6sitos de inmuni zacion . Por 
ejemplo, una inyeccion de solo 10 microgramos de ADN en el muscu- 
lo de la tibia anterior de raton, induce anticuerpos en un nivel 
superior a las 10 mlU/mL, nivel considerado suficiente para con- 
ferir inmunidad protectiva en humanos (Davis H., y cols., 1993). 
Se ha observado que la potencia de la respuesta inmunologica esta 
claramente relacionada con la dosis de la vacuna y con la efi- 
ciencia de la transf eccion. Asi, metodos que me j or an la incorpo- 
racion de ADN a las celulas mejoran la respuesta inmunologica. 
Por ejemplo, la inyeccion de ADN en 25% sacarosa resulta en un 
aumento de cien veces en el nivel de anticuerpos (Davis y cols., 
1993) . Estos autores tambien han demostrado que la respuesta in- 
mune obtenida como resultado de inmuni zacion por ADN es persis- 
tente, demostrandose que el nivel de anticuerpos obtenido se man- 
tiene por lo menos por 17 semanas luego de una sola inyeccion de 
ADN . 

Una variacion tecnologica muy interesante ha sido des- 
crita recientemente por Barry y colaboradores (Barry y cols., 
1995) . Estos autores desarrollaron un metodo para la obtencion de 
vacunas de ADN, basado en la inmuni zaci6n con genotecas de expre- 
sion, las que potencialmente codifican todas las proteinas del 
agente infeccioso. Esto permite desarrollar vacunas incluso con- 
tra pat6genos sobre los cuales se cpnoce muy poco de antigenos 
protect ivos, ya que no es necesario saber que genes del pat6geno 



estan asociados a inmunidad. Barry y colaboradores demostraron 
que la inmunizacion de ratones con genotecas de expresion obteni- 
das a partir de ADN genomico completo de Mycoplasma pulmonis, un 
patogeno natural de roedores, era capaz de desarrollar inmunopro- 
teccion contra un desafio con el pat6geno. Esta tecnologia se ba- 
sa en que todos los antigenos del patogenos estan codificados fi- 
nalmente en su genoma . Por esto el metodo involucra hacer una ge- 
noteca de expresion del genoma del patogeno en vectores adecuados 
que permiten la expresion de los potenciales genes antigenicos o 
de parte de ellos que hayan logrado clonar. Este genoma puede ser 
luego reducido en sucesivas etapas de fraccionamiento hasta lie- 
gar a plasmidos protectivos individuales. Por ello, este enfoque 
permite tambien descubrir genes candidatos individuales y utili- 
zarlos como vacunas recombinantes. El asunto critico en la apli- 
cacion de una inmunizacion con genotecas de expresion, es su sen- 
sibilidad. Por ejemplo, para cubrir el genoma de un patogeno bac- 
teriano de 3 x 10 6 pb en fragmentos de 500 pb requeriria aproxi- 
madamente de 6.000 clones. Pero, solamente 1/6 de estos estaria 
en el marco y direcci6n correcta. De modo que un equivalente de 
expresion requeriria de 36.000 clones. Por ultimo, es importante 
destacar que en peces (Kanellos y cols., 1999) y, especif icamente 
en carpas (Cyprlnus carplo) , en truchas (Oncorhynchus myklss) y 
en pez dorado (Carasslus auratus L.), ha sido descrita la meto- 
dologia para expresar genes ex6genos inyectados intramuscularmen- 
te (Hansen y cols., 1991/ Anderson y cols., 1996a y Russell y 

cols., 1998, respect ivamente) . En el segundo caao ademas, el gru- 
po de Anderson ha demostrado que las truchas inyectadas en la 
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musculatura esqueletica, con un plasmido que contiene los genes 
que codifican para proteinas del virus de la necrosis hematopo- 
yetica infecciosa (IHNV) y que estan bajo el control de un pro- 
motor de citomegalovirus, producen anticuerpos neutrali zantes 
los cuales confieren proteccion a las truchas cuando son desa- 
fiadas con IHNV (Anderson y cols., 1996b). Herrmann, et al. (Pa- 
tente norteamericana 6.165.993) describen una aplicacion concre- 
ta de las vacunas de ADN para generar respuesta inmune contra 
rotavirus en diferentes vertebrados . 

Para el caso particular de la aplicacion de las vacu- 
nas de ADN contra enfermedades rickettsiales, Barbet et al . (Pa- 
tente norteamericana 6.025.338) dieron a conocer una composicion 
que comprende un polinucleot ido aislado, que es capaz de inducir 
respuesta inmune contra una enfermedad causada por una rickett- 
sia patogena, entre las que se encuentran Cowdrla. ruminantium. 
Ehrlichia chaffeensis y Anaplasma marginals . 

La patente de invencion de Davis (Patente Norteameri- 
cana 6.180.614) describe la utilizaci6n general de las vacunas 
de ADN como metodo de inmunizaci6n de especies de acuicultura . 
Esta patente tambien da a conocer los metodos de administracion 
de los sistemas de expresi6n de ADN a los peces. Tales metodos 
incluyen la tecnicas de inyeccion, pulverizaci6n e inmersion. 

Las proteinas de estres termico y la respuesta inmune 
La f amilia de proteinas de estres termico (HSP) son mo- 
leculas de estructura conservada que juegan un papel importante 
dentro la celula. Las HSP estan encargadas de hacer posible el 
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enrollamiento, desenrrollamiento y ensambla j e correcto de las 
proteinase incluyendo la maduracion de complejos proteicos multi- 
mericos, como por ejemplo aquellos de las inmunoglobulinas y MHC . 
Tambien se ha comprobado su participacion en los procesos de 
translocacion de proteinas entre compartimientos celulares dife- 
rentes. Al parecer, estas proteinas juegan un rol en la protec- 
cion y patogenesis en varias infecciones y enfermedades de auto- 
inmunidad. Durante episodios de estres, la sintesis de HSP's au- 
menta dramaticamente, representando uno de los mecanismos mas im- 
portantes para la sobrevivencia de la celula. Se ha demostrado 
que estas proteinas representan antigenos dominantes en una mul- 
titud de episodios infecciosos induciendo importantes respuestas 
inmunologicas humor ales y celulares. 

Al penetrar, al ambiente intracelular de una celula 
huesped, un microorganismo se enfrenta a una serie de cambios es- 
tresantes. Bajo estas condiciones, la sintesis de las HSP micro- 
biana incrementa signif icativamente, aumentando las posibilidades 
de sobrevivencia. Como consecuencia de esto, las HSP son los 
principales antigenos que en varias enfermedades infecciosas in- 
ducen una fuerte respuesta inmune . Hay un gran grado de homologia 
en la secuencia de las HSP entre microorganismos de virulencia 
muy variable. La posible ventaja para el sistema inmune de cen- 
trarse en las secuencias conservadas de las HSP compartidas por 
varios microorganismos diferentes es la posibilidad de montar ra- 
pidamente una respuesta inmuno!6gica amplia , reduciendo el riego 
de col onizacion del huesped por el patogeno . 



La nomenclatura cie los HSP se ha disenado de tal modo 
que el peso molecular de la proteina la identifica como pertene- 
ciente a un grupo, los cuales varian en tamano desde la familia 
de los HSP10 hasta la familia de los HSP100, estos ultimos prin- 
cipalmente en eucariontes . 

Diferentes miembros de la familia de HSP representan 
blancos para la respuesta inmune, siendo la HSP 60 el antigeno 
principal en infecciones bacterianas. Por ejemplo, en el caso de 
micobacterias, en la lepra y tuberculosis la respuesta inmune con- 
tra HSP70 predomina sobre las demas HSP. En contraste, una res- 
puesta dirigida a HSP70 ha sido encontrada en humanos infectados 
con parasitos tales como malaria, leishmaniasis, filiarasis y can- 
didiasis . 

En el caso particular de la HSP70, esta se asocia en el 
citosol a polipeptidos recien ensamblados durante la traduccion 
ribosomal (Frydman et al, 1994) y esta direct amente involucrado en 
el proceso de transporte proteico entre diferentes compartimentos 
celulares a traves de membranas (Hartl et al, 1994) . Ademas HSP70, 
homologa a DNAK en E. coll, participa en la estabilizacion, de 
proteinas y promueve su ensamblaje en complejos multimericos , asi 
como tambien participa en su desamblaje. En celulas eucariontes, 
HSP70 cumple funciones esencialmente de degradacion lisosomal de 
proteinas citosol icas y en la translocacion de proteinas en el re- 
ticulo endoplasmico . 
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Vacunacion con HSP 

Proteccion inducicia por vacunacion con HSP ha sido de- 
mostrada en varios modelos animales. Por ejemplo, la inmunizacion 
de ratones con HSP60 de Helicobacter pylori, Hlstoplasma capslla- 
tum o Yersinia, euterolltlca induce una proteccion muy significati- 
va para cada uno de los patogenos respectivos. Tambien, inmuniza- 
cion de ratones con HSP60 de micobacteria, administrada como pro- 
teina o ADN, induce una f uerte respuesta de celulas T, In vivo, y 
una signif icativa proteccion contra la infeccion por Mycoplasma 
tuberculosis . Igualmente, la HSP70 de M. tuberculosis inyectada 
como ADN en raton induce una importante proteccion contra tubercu- 
losis , un patogeno intracelular . 

Como antecedente del estado de la tecnica, se debe con- 
siderar tambien las recientes patentes de Srivastava (Patentes 
norteamericanas Nos. 6.168.793 y 6.143.299). En ellas se dio a co- 
nocer el empleo de preparaciones de proteinas del estres termico 
para la prevencion y el tratamiento del cancer y de enf ermedades 
inf ecciosas . 

Definicion del Problema Resuelto por la Invencion 
Actualmente hay una necesidad creciente de vacunas pa- 
ra las infecciones masivas de especies de acuicultura. Tal como 
se explic6 anteriormente, las vacunas existentes en el mercado 
basadas en bacterinas son de uso restringido y con escasa docu- 
mentaci6n acerca de su ef ectividadL AdemAs, la producciAn de 
bacterinas para SRS es de alto costO/ debido a la complejidad 
del sistema de cultivo. La presente invencion soluciona los pro- 



blemas del presente estado de la tecnica, empleando los conoci- 
mientos modernos de biologia molecular, para producir vacunas de 
ADN y vacunas recombinant es contra el SRS. Ello permite la pro- 
duccion de estas vacunas en gran escala y con alta efectividad, 
haciendose independiente de los complejos sistemas de cultivo 
requeridos para la prolif eracion de Pisclzrlckettsla salmonls . 

Definicion de la invencion 

En general, la invencion se refiere a una vacuna de ADN 
para generar respuesta inmune contra Pisclrlckettsia salmonls en 
vertebrados, especialmente en especies de acuicultura, tales como 
el salmon Coho, el salmon del Atlantico, el salmon Chinook o la 
trucha, basada en un fragmento de ADN que codifica para la pro- 
teina de estres termico 60 (HSP60) y su procedimiento de prepara- 
cion. La invencion tambien describe un oligonucleotide purificado 
util para la produccion de una vacuna contra Pisclrlckettsla sal- 
monls en vertebrados y una vacuna recombinante preparada a partir 
de este oligonucleotide. 

El termino "vacuna" se refiere aqui a cualquier mate- 
rial capaz de producir una respuesta inmune en el animal que ha 
recibido este material. 

La vacunacion con acidos nucleicos se refiere al proce- 
dimiento mediante el cual se induce una respuesta inmune a una 

proteina expresada "in vivo" luego de la introducci6n de una a©- 

cuencia oligonucleotidica que codifica para esta proteina. Por lo 
tanto, el concepto de "vacuna de ADN", tal como se utiliza aqui, 
se refiere a cualquier segmento de ADN que al ser introducido a 
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un animal, produce la respuesta inmune explicada en la frase an- 
terior . 

El principal objeto de la presente invenci6n es una va- 
cuna de ADN, que comprende un fragmento de ADN que codif ica ' para 
la proteina de estres termico 60 (HSP60 ) de Plsclrlckettsia sal- 
monls o una region inmunogenica de esta, insertado en un plasmido 
vector adecuado para generar respuesta inmune contra Pisalria- 
kettsia salmonls en vertebrados . 

En una realizacion preferida de esta invencion, dicho 
fragmento de ADN corresponde a la secuencia nucleotidica SEC ID 
NO:l (ver Figura 1) o un fragmento de esta. Alternativamente, di- 
cho fragmento de ADN corresponde a una secuencia nucleotidica que 
da origen a la misma proteina o fragmento de proteina que la SEC 
ID NO:l, empleando codones diferentes, pref erentemente los codo- 
nes mas usados por el organismo vertebrado a ser vacunado. Para 
ambas realizaciones, se ha llegado a establecer que la proteina 
de estres termico 60 de PlsclrloJcettsla salmonis corresponde a la 
secuencia aminoacidica SEC ID NO: 2 (ver Figura 2) o una region 
inmunogenica de esta. 

En otra reali 2 aci6n preferida de la vacuna de ADN de 
acuerdo a la invenci6n, el plasmido vector presenta las siguien- 
tes caracteristicas a) un promoter fuerte, usualmente del tipo 
viral que no sea te j ido-especifico; b) un sitio de clonamiento 
para la insercion del gen de interes; c) un sitio de poliadenila- 
cion para detener la transcripci6n del ARN mensajero; d) un ori- 
gen de replicaci6n procariotico para una eficiente propagacion en 
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cultivos de E. Call; y e ) un marcador de selecci6n. Preferente- 

mente dicho plasmido vector es el plasmido P UK21-A2. 

En particular, dicho vertebrado corresponds a una espe- 

cie de acuicultura, pref erentemente es el salm6n Coho, el salmon 

del Atlantico, el salmon Chinook o la trucha. 

En otra realizacion preferida de la vacuna de ADN de 
acuerdo a la invencion, ella se administra mediante tecnicas ade- 
cuadas, seleccionadas del grupo consistente en inyeccion intra- 
muscular, la pulverizacion y la inmersidn. Ademas, la vacuna com- 
prende un adjuvante adecuado y/o un transportador f armaceut ica- 
mente aceptable . 

En : otra version prevista de la presente invencion, la 
presencia de anticuerpos contra el HSP60 generados por la vacuna 
de ADN se detects por un metodo, segun el cual despues de un 
tiempo se extrae sangre del vertebrado vacunado y el suero se 
analiza por la presencia de anticuerpos contra el HSP60 mediante 
ELISA. 

Un segundo objeto principal : de' la invenci6n es un pro- 
cedimiento para la preparacion de la vacuna de ADN contra Plsal- 
rlakettsla salmonls, que comprende las siguientes etapas : 

a) Clonar el fragmento de ADN que codifican para la proteina de 
estres termico 60 (HSP60 ) de Pisalrickettsl* s.lmonls o una re- 
gion inmunogenica de estas. 

b) msertarlo en un plasmido vector adecuado para su expresion y 
generacion de una respuesta inmune contra Pisciri Cat tsla salmo- 
nls en vertebrados. 
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En una realizacion preferida, el procedimiento compren 
de un fragmento de ADN que corresponde a la secuencia nucleotidi 
ca SEC ID NO.-l o un fragmento de esta. Alternativamente, el frag 
mento de ADN corresponde a una secuencia nucleotldica que da ' ori 
gen a la misma proteina o fragmento de proteina que la SEC I 
NO:l, empleando codones diferentes, pref erentemente los codones 
mas usados per el organismo vertebrado a ser vacunado . Para ambas 
realizaciones, se ha llegado a establecer que la proteina de es- 
tres termico 60 de Plsairlokettsia salmonls corresponde a la se- 
cuencia aminoacidica SEC ID NO:2 (ver Figura 2) o una region in- 
munogenica de esta. 

En otra realizacion preferida, el procedimiento com- 
prende el plasmido vector adecuado presents las siguientes carac- 
teristicas a) un promoter fuerte, usualmente del tipo viral que 
no sea te j ido-especif ico; b) un sitio de clonamiento para la in- 
sercion de gen de interes; c) un sitio de poliadenilaci6n para 
detener la transcripcion del ARN mensajero; d) un origen de re- 
plicacion procariotico para una eficiente propagacion en cultivos 
de E. Call; y e) un marcador de selecci6n. Pref erentemente dicho 
plasmido vector es el plasmido pUK21-A2. 

En particular, el vertebrado corresponde a una especie 
de acuicultura, pref erentemente es el salm6n Coho, el salmon del 
Atlantico, el salmon Chinook o la trucha. 

En otra realizacion preferida del procedimiento segun 
la invencion, la vacuna se administra mediante tecnicas adecua- 
das, seleccionadas del grupo consistente en inyeccion intramuscu- 
lar, la pulverizaci6n y la inmersi6n. 
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Un tercer objeto principal de la invencion es un seg- 
mento de ADN purificado util para la producci6n de una vacuna 
contra Pisoiriak e ttsla salmonls en vertebrados, los cuales codi- 
fican para la proteina de estres termico 60 (HSP60) de Piscirlc- 
kettsla salmonls o regiones inmunogenicas de estas . En una reali- 
zation preferida de esta invenci6n, el segmento de ADN tiene la 
secuencia nucleotidica SEC ID NO:l (ver Figura 1) o un fragmento 
de esta. Alternativamente, el segmento de ADN tiene una secuen- 
cia nucleotidica que da origen a la misma proteina o fragmento de 
proteina que la SEC ID NO:l empleando codones diferentes, prefe- 
rentemente los codones mas usados por el organismo vertebrado a 
ser vacunado. Para ambas realizaciones, se ha llegado a estable- 
cer que la proteina de estres termico 60 de Plsclrlckettsla sal- 
monls corresponden a las secuencias aminoacidicas SEC ID NO: 2 
(ver Figura 2) o una region inmunogenica de esta. 

En particular, el vertebrado corresponde a una especie 
de acuicultura, pref erentemente es el salmon Coho, el salmon del 
Atlantico, el salmon Chinook o la trucha. 

En otra realizacion de la presente invencidn, el oligo- 
nucle6tido se emplea para producir una vacuna recombinants para 
generar respuesta inmune contra Piscirlckettsla salmonls en ver- 
tebrados, donde la proteina de estres termico 60 (HSP60) de Pls- 
clrlckettsla salmonls o una regi6n inmunogenica de esta se produ- 
ce empleando un vector de expresion y un hospedero adecuados . En 
particular, el vertebrado corresponde a una especie de acuicultu- 
ra, preferentemente es el salmon Coho, el salmon del Atlantico, 
el salm6n Chinook o la trucha. En otra version prevista, el vec- 
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tor de expresi6n es un plasmido, preferentemente el vector 
P ET32a. Por otra parte, se ha determinado que el hospedero es una 
bacteria, preferentemente E. coll. 

En otra realizaci6n preferida de la vacuna recomblnante 
de acuerdo a la invencion, ella se administra medlante tecnicas 
adecuadas, seleccionadas del grupo consistente en inyeccion in- 
tramuscular, la pulverizacidn y la inmersion. Ademas, la vacuna 
comprende un adjuvante adecuado y/o un transportador farmaceu- 
ticamente aceptable. 

En otra version prevista de la presente invencion, la 
presencia de anticuerpos contra el HPS60 generados por la vacu- 
na recombinante se detecta por un metodo, segun el cual despues 
de un tiempo se extrae sangre del vertebrado vacunado y el sue- 
ro se analiza por la presencia de anticuerpos contra el HSP60 
mediante ELI SA . 

Descripci6n de las Figuras 

Figura 1: Esta Figura muestra la secuencia nucleoti- 
dica ( SEC ID NO:l) del gen que codifica para la proteins de es- 
tres termico 60 (HSP60) de Piscirickettsia salmonls. 

Figura 2: Esta Figura muestra la secuencia aminoaci- 
dica (SEC ID NO:2) de la proteinase estres termico 60 (HSP60) 
de Plscirlckettsla salmonls . 

Figura 3: Esta Figura se muestra la representacion 

esquematica del plasmido pUK21-A2. 
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Figura 4: Esta Figura se muestra la representacion 
esquematica del plasxnido P UK21-A2, conteniendo el inserto con 
el gen de HSP60 , denominado pUK21-A2 HSP60. 

Figura 5: En esta Figura se muestra la estructura del 
plasmido pET-32a. 

Figura 6: En esta Figura se muestra la estructura del 
plasmido pET32a-HSP60 . 

Figura 7: En esta Figura se muestra la producci6n de 
HSP60 de P. salmonls en E. coll. 

Los siguientes ejemplos ilustran algunas aplicaciones 
concretas de la invencion, pero no pretenden limitar el marco y 
los alcances de la presente invencidn. 

EJEMPLOS 



EJEMPLO 1: Aislamiento, clonaci dn y secuencia del aen 
de HSP60 P. salmon is 

a) Cultivo de Celulas CHSE-214. 

Inoculos de celulas CHSE-214 (ATCC 1681), mantenidos 
en N 2 Uquido se descongelaron y se cultivaron en frascos T 175 
en medio MEM a 16°C por 7 dias o hasta que las celulas lleguen 
a confluencia. 

b) Cultivo de P. salmonls. 

Se usaron inoculos de P. salmonls que contienen al me- 
nos un titulo de 1 X 10° bacterias/mL a cada uno de los frascos 
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T175 con celulas CHSE-214. Al dia siguiente, se retire el 
y se agrego 50 mL de medio MEM-complet o fresco. El cultivo s 
realize a 16°C por 10 a 14 dias, observando periodicamente al 
microscopic de contraste de fases, el grade de lisis de las 
celulas CHSE-214 provocada por la i„fecci6n bacteriana . Cuando 
el efecto citopatico fue de alrededor del 100% de las celulas, 
el cultivo de P. salmonls se consider listo para ser cosechado 
o para una posterior propagacion del cultivo. Las bacterias se 
cosecharon utilizando un raspador de celulas. Una vez colecta- 
do, el lisado se centrifuge y el sebrenadante celectado cor 
ponde a la fraccion semipurif icada de P. salmon! 



res- 
s . 



c) Purificacion de P. salmonls. 

Para purificar la bacteria, la suspension con la 
fraccion semipurif icada de P. salmonls se sometio a una centri- 
fugacion en gradiente de densidad obteniendose una banda mayo- 
ritaria cerca del fondo del tube de centrifuga. Esta banda se 
colecto y se lave dos a tres veces , mediants cent rif ugacion con 
una solucion tampon. El sedimiento o pellet final const ituye la 
fraccion purificada de P. salmonls. 

d) Preparacion de ADN gen6mico de P. salmonls 
Nuestro procedimient o se basa en el protocolo de Bin- 
der, (Binder, 1995, Mitochondrial nucleic acid purification and 
analysis. Methods in Molec. Biol. 20:1). En breve, la fraccion 
purificada de P. salmonls se l av 6 con tam P 6n PBS y se le agrego 
20 p L de una soluci6n de 10 mglmL de DNasa I y S e incubo a 37 »C 
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durante 30 min. Luego de la centrif ugaci6n para eliminar el so- 
brenadante, el pellet se resuspend±6 en 500 uL de PBS mas 100 
uL de EDTA 0,1 M para detener la actividad de la DNasa I. Se 
agito suavemente por inversion, se volvio a centrifugar y el 
pellet exento de DNasa I, se resuspendio en 1 mL de tampon de 
lisis (sacarosa 0,75 M, NaCl 400 mM, EDTA 20 mM, Tris-HCl 50 
mM, SDS 0,2%, 1 mg de Proteinasa K, pH 9). Se agito suavemente 
por inversion y se incubo a 58 °C durante 1 hora con agitacion 
suave. Una vez terminada la incubacion con la proteasa, la solu- 
cion se extra jo con un volumen de fenol saturado con Tris-HCl (pH 
8) y luego se extra jo 2 veces con una mezcla de cloroformo alco- 
hol isoamilico 24:1. Posteriormente, el ADN se precipito con 0,4 
volumenes de acetato de amonio 5 M y 2,5 volumenes de etanol ab- 
soluto frio a -20°C durante 30 min. 

e) Reaccion en cadena de la polimerasa (PCR) . 

En tubos Eppendorf de 500 uL autoclavados , se les agre- 
go 5 uL de tampon PCR 10 X sin Mg, 1, 5 uL de MgCl 2 50 mM, 4 uL de 
mezcla de dNTP 2,5 mM, 2,5 uL de cada uno de los oliginucleotidos 
partidores (14,1 uM de cada uno), 100 ng de ADN templado, 0,5 uL 
de Taq ADN polimerasa 5 U/uL y se complete a un volumen final de 
50 U L con agua miliQ esteril. Se emplearon las condiciones expe- 
rimental indicadas por Mauel y colab. , 1996 (Diseases of Aqua- 
tic Organisms, 26:189). 
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f) Electroforesis en geles de agarosa. 

Para determinar la integridad del ADN genomico de P. 
salmonis, asi como la del ADN plasmidial, y la de los productos 
de amplificacion, se realizaron electroforesis en geles de agaro- 
sa al 1 y 2%. Este procedimiento se efectuo de acuerdo a Sambrook 
y colab., 1989 (Molecular cloning: A laboratory Manual, CSHL, New 
York) . 

g) Clonamiento y secuenciaci6n del gen HSP60 de la pro- 
teina de estres termico de P. salmonis. 

Mediante el uso de algoritmos para la comparaci6n de 
homologia de secuencia de ADN (PCGene y National Center for Bio- 
technology Information) se determin6 la localizacion de las se- 
cuencias mas conservadas en el gen de HSP60 de Rickettsia y de 
otras bacterias cuyos genes de estas proteinas muestran homolo- 
gias con Rickettsia. Paralelamente, se realizaron analisis de 
hidrofilicidad de las HSP de estas .species para determinar las 
regiones de la proteina donde existen determinates antigenicos 
fuertes. Con esta informacion se defini6 las regiones de HSP60 de 
P. salmonis a ser amplificadas mediante PCR. 

Basandose en homologias con los genomas de otros orga- 
nismos en particular Legionella pneumophila y Co X lella burnetii 
se diseflaron los partidores a) sentido: 
5 ' — ATGGCTGAAATTATTGGTAT— 3 ' y b) antisentido: 

5-AACTTCTTCAAACTCAGCAT-3-, los cuales se utilizaron en una reac- 
cion polimerasica en cadena, usando DNA cromosomal de P. salmonis 
altamente purificado como templado. Este proceso dio origen a un 
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fragmento de aproximadamente 1 . 535 pares cie bases que f ue clonado 
en el vector pGEMt . Una vez aislado ADN del plasmido resultante 

(pGEMt HSP60) el inserto se secuencio, demos trandose la presencia 
de un gen que codifica por una proteina 537 aminoacido, que pre- 
sent a una alt a homologia con la HSP60 de otros organ! smos y tam- 
bien con la secuencia parcial de fragmento de P. salmonls obteni- 
dos anteriormente. 

Los resultados se presentan en las Figuras 1 y 2 . En la 
Figura 1 se muestra la secuencia nucleotidica (SEC ID NO : 1 ) del 
gen que codifica para la proteina de estres termico 60 de Plscl- 
rlckettsla salmonls (HSP60) . En la Figura 2 se muestra la secuen- 
cia aminoacidica (SEC ID NO: 2) de la proteina de estres termico 
60 de Plsclrl ckettsla salmonis . 

EJEMPLO 2 : Preparacion de un vector para vacuna genet i- 
ca . Clonacion de los genes de HSP60 de P, salmonis en el plasmido 
PUK21-A2 . 

El vector pUK21-A2 posee las siguientes caracterist icas 
necesarias para ser utilizado como vacuna de ADN: a) un promotor 
fuerte, usualmente del tipo viral que no sea te j ido-especif ico; 

b) un sitio de clonamiento para la inserci6n del gen de interes; 

c) un sitio de poliadenilacion para detener la transcripcion del 
ARN mensajero; d) un origen de replicaci6n procariotico para una 
eficiente propagaci6n en cultivos de E. coll; y e) un marcador de 
seleccion . 
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a) Preparacion de ADN del plasmido pUK21-A2. 
ADN plasmidial obtenido de E. coll HB 101 se purifico 
mediante el uso del kit comercial Qiagen Plasmid Purification 



dor. El plasmido se linearizo con la enzima Eco RI , luego los ex- 
tremos se repararon con ADN polimerasa, de acuerdo a los protoco- 
los de Sambrook y colab., 1989 (Molecular cloning: A Laboratory 
Manual, CSHL, New York) . A continuaci6n se procedio a desfosfori- 
lar los extremos del vector linearizado agregando 15 uL de fosfa- 
tasa alcalina (1 U/uL) y se incubo durante 1 hora a 37°C. Final- 
mente el ADN plasmidial preparado se purifico mediante el sistema 
"Wizard" (Promega, Madison Wisconsin, USA) . La Figura 3 muestra 
la representacion esquematica del plasmido pUK21-A2. 

b) Clonacion del gen HSP60 de P. salmonis en el vector 

PUK21-A2. 

Para la preparacion de un vector para vacuna genetica 
se disenan 2 nuevos partidores que incluyen las secuencias del 
comienzo y del final del gen de HSP60 de P. salmonls y tambien 
las secuencias de sitios especificos para endonucleasas de res- 
triccion BamHI y EcoRI . 

Estos partidores son 

a) sentido : 5 1 -TATGGATCCATGGCTGAAATTATTGGTATTG-3 1 y 

b) antisentido: 5 ' -GTGGAATTCCTAAACTTCTTCAAACTCAGCATC-3 1 . O 



(Qiagen) de acuerdo a las instrucciones indicadas por el provee- 
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Mediante estos partidores se efectua una reaccion de polimerasa 
en cadena usando DNA cromosomal altamente purificado de P. salmo- 
nls (igual al descrito en el Ejemplo 1) como templado. Como re- 
sultado se obtiene un fragmento de aproximadamente 1.920 pares de 
bases. Este fragmento se aisla, luego de digestion con las endo- 
nucleasas BamHl y EcoRI se ligan al plasmido pUK21-A2 generandose 
los vectores vacuna pUK2 1-A2-HSP60 . En la Figura 4 se muestra la 
representacion esquematica del plasmido, conteniendo el inserto 
HSP60 . 

EJEMPLO 3: Desarrollo de anticuerpos en ratones luego 
de inyeccion intramuscular del plasmidos pUK2 1-A2-HSP60 . 

El plasmido que contienen el gen de la HSP en un vector 
de expresion animal, denominados pUK2lA2-HSP60 , luego de inyecta- 
do en el musculo de raton es capaz de expresar esta proteina y 
desarrollar una respuesta inmune que da origen a la aparicion de 
anticuerpos. Esto se demuestra de la siguiente manera. Se prepara 
una solucion de cada uno de los plasmidos en el tampon PBS a una 
concentracion de ADN de 0,5 pg/ul . Ratones , pertenecientes a la 
cepa Balb/c son inyectados en el musculo del femur de las extre- 
midades posteriores con 2 dosis de 100 ul de una solucion de 50 
ug/100 ul de ADN plasmidial (se inyectan 50 ul en cada extremi- 
dad) . Esta inyeccion se realiza el dia cero y una segunda dosis 
se administra a los 15 dias (dia 15) . Como control se realiza las 
misma operacion usando ADN plasmidial control que no posee el gen 
de HSP60 (pUK21-A2) . 



Luego de trascurridos 45 dias (dia 45) se extrae san- 
gre de los ratones y el suero se analiza por la presencia de 
anticuerpos contra la HSP60 mediante ELISA. 



a) Determinacion de anticuerpos anti HSP6Q mediante 

ELISA . 

Los ratones inmunizados a los dias 0 y 15 con los 
plasmidos pUK21A2 y pUK2 1A2-HSP60 son sangrados al dia 45, con 
un corte en la vena caudal inferior de la cola. Los 250 ul de 
sangre obtenidos, son incubados a 37 °C por una hora a fin de 
obtener el suero. Tambien se realiza el mismo procedimiento de 
sangrado y obtencion del suero antes de la inmuni zacion . Esta 
muestra es llamada suero pre-inmune . 

La evaluacion de la respuesta inmune humoral de los 
ratones inmunizados con los plasmidos se determina por ELISA, 
tal como se describe a continuacion. 

1. - Placas de poliestireno de 96 pocillos, previamen- 
te tratadas con una proteina fenolica bioadhesiva (pegotina) , 
son activadas con 10 ug/ml de antigeno, 50 ul/pocillo. Se incu- 
ban durante 90 min a temperatura ambiente . 

2. - Se elimina el antigeno y se bloquean los sitios 
inespecif icos con una solucion de caseina sacarosa al 4%, 300 
ul/pocillo durante 60 min a temperatura ambiente. 

3. - Se adiciona en cada pocillo 50 ul de una dilucion 
seriada del suero de los ratones inmunizados y suero pre- 
inmune. Se incuba durante 90 min a temperatura ambiente. 
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4. - S e eliminan las muestras de suero y se lava la 
placa con 300 pl/pocillo de tam P 6n fosfato salino, conteniendo 
Tween 20 al 0,02%. Esto se realiza 3 veces, con intervales de 5 
min entre cada ciclo de lavado. 

5. - Se elimina la solucibn del ultimo lavado y se 
agregan 50 pl/pocillo de un anticuerpo de cabra anti inmunoglo- 
bulina G de raton, unido a fosfatasa alcalina, en la dilucion 
recomendada por el fabricante en soluci6n de bloqueo . Se incuba 
por 30 min. a temperatura ambiente y luego se precede como en 
el punto 4 . 

6. - Se elimina la soluci6n del ultimo lavado y se 
agregan 50 ul/pocillo de una soluci6n que contiene 1 mg/ml de 
paranitrofenil fosfato en tampon Tris 100 mM, cloruro de sodio 
100 mM y cloruro de magnesio 5 mM (pH 9,5). Se incuba 30 minu- 
tos a 37°C. 

7. - La reaccion sera detenida con hidroxido de sodio 
3M y se lee en espectrof otomet ro a 405 nm de longitud de onda . 

Como se indica en los resultados de la Tabla 1, el 
suero de los ratones inyectados con el plasmido pUK21 A2-HSP60 
reacciona con la proteina HSP60 en ELI S A indicando que contiene 
anticuerpos especificos contra esta proteina. En contraste, aque- 
llos ratones inyectados con una preparaci6n control (pUK21A2), no 
desarrollan anticuerpos contra la HSP60 . Este ejemplo demuestra 
que mediante la inyeccion de genes de HSP60, preparados de acuer- 
do a lo descrito en esta invencion se logra estimular el sistema 
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inmune del raton y desarrollar una respuesta humoral en la forma 
de anticuerpos anti HPS 60 . 

Tabla I. Medicion de anticuerpos anti HSP60 en ratones inmuniza- 
dos con pUK21A2-HSP60 . 



Muestra 


Lectura O . D . 
445 run/ 30 min 




Suero preinmune 


0, 04 




Suero raton inmunizado con 






pUK2 1A2 ( control ) 


0, 03* 




Suero de raton inmunizado 






con pUK2 1A2— HSP60 


0, 31* 





* Promedio de 4 ratones diferentes. 



EJEMPLO 4 : Produccion de la proteina recombinant e HSP6Q 
mediante clonamiento del gen HSP60 en el vector de expresion bac- 
teriana pET32a y su posterior purificacion . 

Luego de confirmar la secuencia del gen HSP60, se am- 
plifica este por PCR a partir de ADN gen6mico mediante partidores 
sentido y antisentido que contienen en sus extremos los sitios de 
restriccion EcoRI y Xhol respectivamente . Estos oligos son senti- 
do : 5 ' -TATGAATTCATGGCTGAAATTATTGGTATTG-3 1 y antisentido 5 1 - 
GTACTCGAGCTAAACTTCTTCAAACTCAGCATC-3 ' • Se clonan el fragment© am- 
plifleado en el vector pGEMT y se identifican los clones positi- 
ves por PCR y digestion enzimatica. Se aisla el gen de HSP60 des- 
de el clon pGEMT— HSP60 , mediante las enzimas EcoRI y Xhol y se 
purifican por electrof oresis en gel de agarosa, El gen purificado 
se liga usando ligasa de fago T4 al vector pET32a (Figura 5) cor- 
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tado con Xhol y EcoRI . Los clones positivos se identifican me- 
diante digestion con estas enzimas. En la Figura 6 se muestra la 
estructura de los plasmidos resultantes pET32a-HSP60 el cual ex- 
presa una proteina de fusion compuesta de HSP60 y un segmento que 
contiene polihistidina usado para su purif icacion. Se obtuvo ADN 
plasmidial de uno de los clones recombinantes y se usaron para 
transf ormar celulas competentes de E. coll. La expresion de la 
proteina de fusion Trx-HSP60 se induce en un cultivo de celulas 
recombinantes por accion de IPTG ImM. La proteina presente en el 
sobrante bacteriano se purif ica por columna de Ni-agarosa. Todos 
los procedimientos fueron realizados de acuerdo a los protocolos 
descritos por Sambrook (Sambrook y colab. 1989) . 

En la figura 7 se presenta un gel de poliacrilamida con 
SDS hecho de acuerdo a Laemmli que muestra la produccion de la 
proteina de fusion Trx-HSP60 por bacterias recombinantes trans- 
f ormadas con los plasmidos pET32a-HSP60 . 
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REIVINDICACIONES 



1. Una vacuna cie ADN, CARACTERI Z ADA porque comprende un 
fragmento de ADN que codifica para la proteina de estres termico 
60 (HSP60) de Piscirickettsla salmonls o una region inmunogenica 
de esta, insertado en un plasmido vector adecuado para expresar 
la proteina y generar respuesta inmune contra Pisclrlckettsla 
salmonis en vertebrados; en donde dicho fragmento de ADN corres- 
ponde a la secuencia nucleotidica SEQ ID NO : 1 o a un fragmento de 
la misma. 

2. Una vacuna de ADN de acuerdo a la reivindicacion 1, 
CARACTERI ZADA porque dicho fragmento de ADN corresponde a una se- 
cuencia nucleotidica que da origen a la misma proteina o fragmen- 
to de proteina de SEQ ID NO:l, empleando codones diferentes, pre- 
ferentemente los codones mas usados por el organismo vertebrado a 
ser vacunado . 

3. Una vacuna de ADN de acuerdo a la reivindicacion 1, 
CARACTERI ZADA porque dicha proteina HSP60 de Pisclrlckettsla sal- 
monis originada corresponde a la secuencia aminoacidica SEQ ID 
NO: 2 o a una region inmunogenica de la misma. 
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4 . Una vacuna de ADN de acuerdo a las reivindicaciones 
1 a 3, CARACTERI ZADA porque dicho plasmido vector adecuado pre- 
senta las siguientes caracterist icas a) un promotor fuerte, 
usualmente del tipo viral que no sea te j ido-especif ico ; b) un si- 
tio de clonamiento para la inserci6n del gen de interes; c) un 
sitio de poliadenilacion para detener la trascripci6n del ARN 
mensajero; d) un origen de replicacion procariotico para una efi- 
ciente propagacion en cultivos de E. coll; y e) un marcador de 
seleccion . 

5. Una vacuna de ADN de acuerdo a la reivindicacion 4, 
CARACTERI ZADA porque dicho plasmido vector es el plasmido pUK21- 
A2 de acuerdo con la figura 4 ;u otro con caracteristicas simila- 



6. Una vacuna de ADN de acuerdo a las reivindicaciones 
1 a 5, CARACTERI ZADA porque dicho vertebrado corresponde a una 
especie de acuicultura. 

7. Una vacuna de ADN de acuerdo a la reivindicacion 6, 
CARACTERI ZADA porque dicha especie de acuicultura puede preferen- 
temente ser el salmon coho, el salmon del Atlantico, el salmon 
cfiinook, o la trucha. 

8 . Una vacuna de ADN de acuerdo a las reivindicaciones 
1 a 7, CARACTERI ZADA porque dicha vacuna comprende ademas una ad- 
juvant e adecuado. 

4 0 /;j 



9 . Una vacuna de ADN de acuerdo a las reivindicaciones 
1 a 8, CARACTERI ZADA porque dicha vacuna comprende ademas un 
transportador farmaceuticamente aceptable. 

10. Un metodo para detectar la presencia de anticuerpos 
contra la HSP60 generados por la vacuna de ADN de acuerdo a las 
reivindicaciones 1 a 9, CARACTERI ZADO porque despues de un tiempo 
se extrae sangre del vertebrado vacunado y el suero se analiza 
por la presencia de anticuerpos contra la HSP60 mediante ELI SA u 
otro procedimiento conocido en el estado de la tecnica para de- 
tectar anticuerpos. 

11. Un procedimiento para la preparacion de una vacuna 
de ADN contra Plsclrlckettsla salmonls, CARACTERI ZADO porque 
comprende las siguientes etapas: 

a) Clonar el fragment o de ADN que codifica para la proteina de 
estres termico HSP60 de Plsclrlckettsla salmonls o una region 
inmunogenica de esta; y 

b) Insertarlo en un plasmido vector adecuado para expresar la 
proteina y generar respuesta inmune contra Plsclrickettsia salmo- 
nls en vertebrados; 

en donde dicho fragmento de ADN corresponde a la secuencia nu- 
cleotidica SEQ ID NO : 1 o a un fragmento de la misma. 

12 . Un procedimiento de acuerdo la reivindicacion 11, 
CARACTERI ZADO porque dicho fragmento de ADN corresponde a una se- 
cuencia nucleotidica que da origen a la misma proteina o fragmen- 
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to de proteina de SEQ ID NO : 1 , empleando codones diferentes, pre- 
ferentemente los codones mas usados por el organismo vertebrado a 
ser vacunado. 

13 . Un procedimiento de acuerdo la reivindicacion 11 , 
CARACTERI ZADO porque dicha proteina de estres termico HSP60 de 
Plsclrlckettsla salmonls corresponde a la secuencia aminoacidica 
SEQ ID NO: 2 o una region inmunogenica de la misma. 

14. Un procedimiento de acuerdo la reivindicaciones 11 
a 13, CARACTERI ZADO porque dicho plasmido vector adecuado presen- 
ta las siguientes caracteristicas a) un promotor fuerte, usual- 
mente del tipo viral que no sea te j ido-especif ico ; b) un sitio de 
clonamiento para la insercion del gen de interes; c) un sitio de 
poliadenilacion para detener la transcripcion del ARN mensajero; 
d) un origen de replicacion procariotico para una eficiente pro- 
pagacion en cultivos de E. coll; y e) un marcador de seleccion. 

15. Un procedimiento de acuerdo la reivindicacion 14, 
CARACTERI ZADO porque dicho plasmido vector es el plasmido pUK21A2 
de acuerdo con la figura 4 u otro con caracteristicas similares. 

16. Un procedimiento de acuerdo la reivindicaciones 11 
a 14, CARACTERI ZADO porque dicho vertebrado corresponde a una 
especie de acuicultura. 
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17. Un procedimiento de acuerdo la reivindicacion 16, 
CARACTERI ZADA porque ciicha especie de acuicultura puede preferen- 
temente ser el salmon coho, el salmon del Atlantico, el salmon 
Chinook, o la trucha. j v , 

18. Un segmento de ADN purificado util para la produc- 
cion de una vacuna contra Plsclrlckettsla salmonls en vertebra- 
dos, CARACTERI ZADO porque codifica para la proteina de estres 
termico 60 (HSP60) de Plsclrlckettsla salmonls o una region in- 
munogenica de esta, en donde dicho segmento corresponde a la se- 
cuencia nucleotidica SEQ ID NO : 1 . 



19. Un segmento de ADN purificado de acuerdo la reivin- 
dicacion 18, CARACTERI ZADO porque corresponde a una secuencia nu- 
cleotidica equivalente a SEQ ID NO: 2, fo a un fragmento de la mis- 
ma. * <- 

20. Uso de un segmento de ADN purificado de acuerdo a 
las reivindicaciones 18 y 19 CARACTERI ZADO porque sirve para pre- 
parar un medicamento util para la generacion de respuesta inmune 
contra Plsclrlckettsla salmonls en un vertebrado, en donde con- 
venient emente dicho medicament o puede se r, administrado de cual- 
quier forma adecuada . ^ 

21. Uso de un segmento de ADN purificado de acuerdo a 
la reivindicacion 20, CARACTERI ZADO porque dicho vertebrado co- 
rresponde a una especie de acuicultura comprendiendo preferente- 



mente el salmon coho, el salmon del Atlantico, el salmon chinook 
y la trucha. 



22. Una vacuna recombinante para generar respuesta in- 
mune contra Plsclrlckettsla salmonls en vertebrados producida em- 
pleando el segmento de ADN de acuerdo a las reivindicaciones 18 y 
19, CARACTERI ZADA porque la proteina de estres termico HSP60 de 
Plsclrlckettsla. salmonls o una regi6n inmunogenica de esta se 
produce empleando un vector de expresi6n y un hospedero adecuado . 

23. Una vacuna recombinante de acuerdo a la reivindica- 
cion 21, CARACTERI ZADA porque dicho vertebrado corresponde a una 
especie de acuicultura comprendiendo pref erentemente el salmon 
coho, el salmon del Atlantico, el salmon chinook y la trucha. 

24. Una vacuna recombinante de acuerdo a las reivindi- 
caciones 22 y 23 CARACTERI ZADA porque dicho vector de expresion 
es un plasmido u otra construccion de ADN capaz de expresar la 
proteina HSP60 6 una proteina de fusi6n que la contenga, en un 
hospedero adecuado. 

25. Una vacuna recombinante de acuerdo a la reivindica- 
cion 24, CARACTERI ZADA porque dicho plasmido es el vector pET32-a 
de acuerdo a la f igura 6 . 



2 6 . Una vacuna recombinant e de acuerdo a las reivindi- 
caciones 21 a 25, CARACTERI Z ADA porque dicho hospedero es un mi- 
coorganismo, una celula de insectos o una celula animal. 

27. Una vacuna recombinante de acuerdo a la reivindica- 
cion 26/ CARACTERI ZADA porque dicho hospedero es preferentemente 
E . coll. 

28. Una vacuna recombinante de acuerdo a la reivindica- 
cion 21 a 27, CARACTERI ZADA porque dicha vacuna comprende ademas 
una ad 3 uvante adecuado. 



29. Una vacuna de ADN de acuerdo a las reivindicaciones 
21 a 28, CARACTERI ZADA porque dicha vacuna comprende ademas un 
transportador farmaceuticamente aceptable „ 

30. Un metodo para detectar la presencia de anticuerpos 
contra el HSP60 generados por la vacuna recombinante de acuerdo a 
las reivindicaciones 21 a 29, CARACTERI ZADO porque despues de un 
tiempo se extrae sangre . del vertebrado vacunado y el suero se 
analiza por la presencia de anticuerpos contra el HSP60 mediante 
EL ISA u otro procedimiento conocido en el estado de la tecnica 
para detectar anticuerpos . 



ATGTCAGCAAAAGAAGTGCGCTTCGGTACCGGTTCCCGTCAAAAAATGTTGGACGGTGTTAAC 
CTACTTGCAAATGCAGTGAAAGTCACTCTAGGTCCACGCGGACGCAACGTTATTTTAGAAAAG 
TCATTTGGTGCCCCAACCATCACTAAAGATGGTGTATCTGTTGCCAAAGAAATCGAGCTTAGC 
GATAAGTTCGAAAACATGGGCGCTCAAATGGTCAAAGAAQTCGCATCTAAATCAAATGATGAT 
GCAGGTGACGGTACGACAACGGCGACAGTATTAGCACAAGCAATTATTCAAGAAGGCGTGAAG 
TCTGTTGCTGCCGGCATGAACCCAATGGACCTAAAACGCGGCATCGATAAAGCCACTATCGCT 
GCAGTTGCTGCATTAAAAGACTTATCTACACCGTGCACAAGACAACAAAGCCATTGCTCAAGT 
CGGTACAATTTCAGCAAATCTGATGAAGAAATTGGCTCTATCATTGCTAAAGCGATGGAAAAA 
GTATCTACCGACGGCGTAATCACTGTTGAAGaU^raCTCTAGCCTTGAAAACGAATTAGATGTT 
GTTGAAGGGATGCAATTCGATCGCGGTTACCTCTCTCCATATTTTGTCAACAAACAAGAGAAA 
ATGATCGCTGAAATCGAAAGCCCATTTATCTTACTCGTCGACAAGAAAATTTCTAACATTCGC 
GAATTACTACCCACATTAGAATCAGTTGCTAAATCAGGCAAGCCATTATTCATCATCGCTGAA 
GATGTTGAAGGTGAAGCTCTGGCAACACTCGTCGTTAATAACATTCGCGGTATTGTTAAAGTG 
TG CGC AGTAAAAGCAC CTGGCTTTGGTGATCGTCGCAAAGCGATGCTTGAAGATATTGCC ATC 
TTAACTGGCGGTACTGTAATCTCTGAAGAAGTTGGCCTAGACCTTGAGAAAGCAACTCTTGAG 
CACTTAGGTACAGCAAAACGCATCGTCGTCAC^AAAGACAATACAACCGTTATTGATGGTGCG 
GGTGAACAAACTGCGATCGAAGCTCGCGTTACTCAAATCCGTGCACAAGTTGAAGAAACAT C C 
TCTGACTACGACCGCGAGAAACTGCAAGAGCGTGTCGCTAAGCTATCTGGTGGTGTTGCTGTC 
ATTAAAGTTGGCGCAGCGACTGAAATCGAGATGAAAGAGAAGAAAGACCGCGTTGATGATGCA 
CTGCATGCAACACGCGCCGCAGTTGAAGAAGGTGTGGTTCCTGGTGGTGGTGTTGCACTGGTT 
CGTGCAATGGCTGCAGTTAAAGCTCTTGACTTCGCAAATGATGAACAAGCCCAAGGTGCTAAC 
ATCTTGTTGCGTGCTATGAGCGCACCATTACGTCAAATCGTTGAGAACGCAGGTAGGCAAGCG 
GCTGTAATTCTTGATAAAATTGTCAACGGTGAAGGTAACTTTGGTTATAATGCAGCAACCAAT 
GAGTTTGGTGATATGATCGAAATGGGTATTCTTGACCCAACTAAAGTCACACGTTCTGCACTT 
C AAANTGCAGCTTCTATCGCAGGTCTTATGATCACAACAGA AGCGATGGTTGCAGAG CTTC C T 
AAAGAAGACTCTGCAGGTGGTGCTGGCATGCCGGATATGGGTGGCATGGGCGGTATGGGTA 
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MSAKEVRPGTGSRQKMLDGVNLLAlU^VlCVTMPRGRNVILBKSPaA.PTITKDGVSVAKEIEL.S 
KFENMGAQMVKEVASKSNDDAGDGTTTATVliAQAIIQEGVKSVAAGMNPMDLKRGIDKATIAA 
AALKDLSTPCTRQQSHCSSRYNFSKSDEEIGSIIAKAMBKVSTDGVITVBEGSSLENEL.DWE 
MQ FDRG YL S P Y FVNKQE KM X AE I ESPFILLVDKKISNIRBI*IiPTLESVAKSGKPI*PI IAEDVE 
EALATLVVNNIRGIVKVCAVKAPGFGDRRKAMIjEDIAII^TG 

KRIVVTKDNTTVIDGAGEQTAIEARVTQIRAQVEETSSDYBREKliQERVAKIiSGGVAVIKVGA 
TEI EMKEKKDRVDDALHATRAAVEEGVVPGGGVAIjVRAMAAVKAIjDFANDEQAQGANI IiI»RAM 
AP LRQ I V ENAGRQAAV I L»D K I VNGEGNFGYNAATNEFGDM I EMG I LDP TKVTRS ALQXAAS I A 
LMI TTEAMVAELPKEDSAGGAGMPDMGGMGGMG 
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